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CAN THERE BE TOO MUCH SPECIALIZATION? 
SPECIALIZATION IN SPECIALIZED COURTS 
Melissa F. Wasserman & Jonathan D. Slack 
ABSTRACT—While modern society has embraced specialization, the federal 
judiciary continues to prize the generalist jurist. This disconnect is at the core 
of the growing debate on the optimal level of specialization in the judiciary. 
To date, this discussion has largely revolved around the creation of 
specialized courts. Opinion specialization, however, provides an alternative, 
underappreciated method to infuse specialization into the judiciary. In 
contrast to specialized courts, opinion specialization is understudied and 
undertheorized. 
This Article makes two contributions to the literature. First, this Article 
theorizes whether opinion specialization is a desirable practice. It argues that 
the practice’s costs and benefits are a function of whether the court itself is 
specialized. More specifically, this Article contends that while opinion 
specialization may be normatively desirable for generalist courts, it is likely 
not for specialized tribunals. Perhaps most concerning, this Article argues 
that opinion specialization in specialized courts increases the likelihood legal 
doctrine will reflect the idiosyncratic preferences of a few judges. 
Second, given the concerns associated with opinion specialization in 
specialized tribunals, this Article empirically tests the extent to which 
specialization occurs in these specialized courts. We approach this question 
by examining the process of opinion assignment in the U.S. Court of Appeals 
for the Federal Circuit, which is best known for its near-exclusive 
jurisdiction over patent appeals. Utilizing a novel, author-constructed 
database of Federal Circuit opinions issued between 2004 and 2018, we find 
that opinion specialization is a robust part of the Federal Circuit’s practice. 
This Article demonstrates that opinion specialization may have led to several 
highly criticized legal developments at the Federal Circuit, exploring 
mechanisms in which opinion specialization may be diminished, and 
examining the implications of our findings for the broader judiciary. 
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INTRODUCTION 
The dominant image of a judge in the United States, especially a federal 
judge, is that of a generalist.1 The archetypal judge is expected to hear cases 
on a vast array of legal issues, ranging from criminal law and public health 
to immigration and antitrust—sometimes all in one day. 2  Although the 
generalist jurist looms large in the American legal culture, 3  the federal 
judiciary is more specialized than most observers realize. 
This underappreciated specialization is not formal. After all, it is well 
known that generalist courts far outnumber their specialized counterparts.4 
Instead, this neglected specialization is informal: specialization through 
opinion writing. Recent empirical work suggests that many judges 
informally specialize by writing a disproportionate number of opinions in 
certain fields,5  leading one scholar to conclude the generalist judge is a 
myth.6 
Opinion specialization provides a unique lens through which to study 
judicial specialization. As the judiciary continues to prize the idealized 
generalist jurist,7 the rest of our modern society continues on a trend towards 
specialization. 8  Legal practice, which was once filled with generalist 
 
 1 Federal judges themselves often comment on the desirability of being a generalist. E.g., Richard A. 
Posner, Will the Federal Courts of Appeals Survive Until 1984? An Essay on Delegation and 
Specialization of the Judicial Function, 56 S. CAL. L. REV. 761, 777–89 (1983) (defending the generalist 
jurist); Guido Calabresi, Address, The Current, Subtle—and Not So Subtle—Rejection of an Independent 
Judiciary, 4 U. PA. J. CONST. L. 637, 639 (2002) (“Judges are generalists who deal with a variety of 
matters and there are very good reasons why they should do so.”); Deanell Reece Tacha, The Federal 
Courts in the 21st Century, 2 CHAP. L. REV. 7, 15 (1999) (“[T]he federal courts have been courts of 
generalist judges. I firmly believe they should remain so.”); Diane P. Wood, Generalist Judges in a 
Specialized World, 50 SMU L. REV. 1755, 1756 (1997) (“[W]e need generalist judges more than ever for 
the United States federal courts.”). 
 2 See generally FRANK M. COFFIN, ON APPEAL: COURTS, LAWYERING, AND JUDGING 3–13 (1994) 
(describing a typical day in an appellate courtroom). 
 3  Carl McGowan, Reflections on Rulemaking Review, 53 TUL. L. REV. 681, 683 (1979) 
(acknowledging the “long tradition of generalist judges”); Deanell Reece Tacha, Refocusing the Twenty-
First-Century Law School, 57 SMU L. REV. 1543, 1545 (2004) (remarking that the “garden-variety 
judge . . . in the American tradition is still a generalist”). 
 4 See LAWRENCE BAUM, SPECIALIZING THE COURTS 15–19 (2011). 
 5 See Edward K. Cheng, The Myth of the Generalist Judge, 61 STAN. L. REV. 519, 526–27, 540 
(2008).  
 6 Id. at 526. 
 7 See supra note 1 and accompanying text. 
 8 BAUM, supra note 4, at 1 (“Specialization is a hallmark of modern society.”); Michael Ariens, Know 
the Law: A History of Legal Specialization, 45 S.C. L. REV. 1003, 1015–60 (1994) (detailing the history 
of specialized legal practice). Take, for example, medicine, wherein specialization has steadily increased. 
See generally ROSEMARY STEVENS, AMERICAN MEDICINE AND THE PUBLIC INTEREST: A HISTORY OF 
SPECIALIZATION (1998) (chronicling the rise of specialization in medicine and subsequent debates about 
the roles of generalists and specialists).  
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lawyers, is now populated with attorneys who increasingly focus on narrow 
subfields such as tax, health, securities, and intellectual property. 9 
Meanwhile, various institutional structures of the judiciary, such as the 
random assignment of judges to panels,10 limit the ability of federal judges 
to specialize, especially in comparison to the attorneys who appear before 
them. Opinion specialization offers a rare outlet for judges to increase their 
specialization. And since all federal appellate judges on a panel majority are 
eligible to write the opinion of the court, opinion writing offers a valuable 
opportunity to study judicial preferences towards specialization across the 
broader judiciary. 
Beyond serving as an instrument for studying judicial attitudes, opinion 
specialization offers an underappreciated vehicle to adjust specialization in 
the judiciary. There is a growing debate on the optimal level of specialization 
in the courts. 11  To date, proposals to increase or decrease judicial 
specialization have primarily revolved around the establishment, 
modification, or dissolution of specialized courts. 12  For instance, some 
scholars have recently recommended creating specialized tribunals in a wide 
range of subject matters including tax, 13  intellectual property, 14 
 
 9 See, e.g., SHARYN L. ROACH ANLEU, LAW AND SOCIAL CHANGE 107 (2d ed. 2010) (chronicling 
increased specialization in the legal practice over time). 
 10 See infra note 200 (exploring the methods for judge assignments). 
 11 Compare Vanessa Casado Perez, Specialization Trend: Water Courts, 49 ENV’T L. 587, 606–11 
(2019) (arguing for the creation of specialized courts to decide water rights), and Paul R. Gugliuzza, 
Saving the Federal Circuit, 13 CHI.-KENT J. INTELL. PROP. 350, 351, 354–55 (2014) (defending the 
Federal Circuit’s specialization in patent law), with Posner, supra note 1, at 777–89 (arguing that 
generalist judges should be preserved at the appellate level), Calabresi, supra note 1, at 639 (“Judges are 
generalists who deal with a variety of matters and there are very good reasons why they should do so.”), 
and Wood, supra note 1, at 1756 (arguing against specialization in the judiciary). 
 12 See, e.g., Richard L. Revesz, Specialized Courts and the Administrative Lawmaking System, 
138 U. PA. L. REV. 1111, 1116 (1990) (“Throughout this century, and particularly since the New Deal, 
there have been frequent calls—some successful, many unsuccessful—for the establishment of 
specialized courts in a wide range of areas . . . .”); Daniel J. Meador, A Challenge to Judicial Architecture: 
Modifying the Regional Design of the U.S. Courts of Appeals, 56 U. CHI. L. REV. 603, 622–30 (1989) 
(discussing various specialized court proposals); Ellen R. Jordan, Specialized Courts: A Choice?, 76 NW. 
U. L. REV. 745, 745–46 (1981) (discussing types of specialized courts and arguing for parties to have the 
option to choose a specialized or generalist court). 
 13 Proposals have been made to consolidate tax appeals in a single specialized court. Meador, supra 
note 12, at 622–23 & n.53 (discussing these proposals). 
 14  See John B. Pegram, Should There Be a U.S. Trial Court with a Specialization in Patent 
Litigation?, 82 J. PAT. & TRADEMARK OFF. SOC’Y 765, 767 (2000); Gregory J. Wallace, Note, Toward 
Certainty and Uniformity in Patent Infringement Cases After Festo and Markman: A Proposal for a 
Specialized Patent Trial Court with a Rule of Greater Deference, 77 S. CAL. L. REV. 1383, 1410–11 
(2004). 
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immigration,15 and scientific evidence.16 Perhaps as a result, there exists a 
robust literature that delineates the virtues and vices of specialized courts.17 
In contrast, opinion specialization remains understudied and 
undertheorized.18 Fundamental questions, such as the practice’s costs and 
benefits and how opinion specialization compares to other methods of 
infusing specialization into the courts, have received little scholarly 
attention. To the limited extent existing literature has grappled with the 
normative desirability of opinion specialization, it has largely concluded the 
practice should be embraced.19 
This Article contributes to the existing literature in two ways. First, it 
provides a richer theoretical account of opinion specialization. This Article 
contends that the costs and benefits of opinion specialization depend on 
whether the court itself is specialized. More specifically, opinion 
specialization in generalist courts gives rise to increased benefits of expertise 
and efficiency and few, if any, of the costs associated with specialized 
tribunals. In contrast, opinion specialization in specialized courts 
significantly amplifies the pathologies of specialized tribunals while 
providing minimal expertise and efficiency benefits. Perhaps most 
concerning, this Article contends that opinion specialization in specialized 
courts increases the likelihood that doctrine reflects the idiosyncratic 
preferences of a few judges. As a result, this Article posits that while opinion 
 
 15 Meador, supra note 12, at 624 & n.59 (discussing proposals for a consolidated immigration 
appeals court). 
 16 E.g., John W. Osborne, Judicial/Technical Assessment of Novel Scientific Evidence, 1990 U. ILL. 
L. REV. 497, 540–43 (proposing the use of scientifically trained judges to decide the admissibility of 
scientific evidence); James A. Martin, The Proposed “Science Court,” 75 MICH. L. REV. 1058, 1058 
(1977) (discussing a proposal for a “science court” that would adjudicate scientific issues). 
 17 See, e.g., Paul R. Gugliuzza, Rethinking Federal Circuit Jurisdiction, 100 GEO. L.J. 1437, 1447 
(2012) (referring to the specialized court literature as “vast”). Important discussions of the theorized costs 
and benefits of judicial specialization include BAUM, supra note 4, at 31–55; FELIX FRANKFURTER & 
JAMES M. LANDIS, THE BUSINESS OF THE SUPREME COURT: A STUDY IN THE FEDERAL JUDICIAL SYSTEM 
146–86 (1927); HENRY J. FRIENDLY, FEDERAL JURISDICTION: A GENERAL VIEW 153–96 (1973); 
RICHARD A. POSNER, THE FEDERAL COURTS: CHALLENGE AND REFORM 244–70 (1996); Rochelle 
Cooper Dreyfuss, Specialized Adjudication, 1990 BYU L. REV. 377, 377–82; Jordan, supra note 12, at 
745–85; Revesz, supra note 12, at 1116.  
 18 Sean Farhang, Jonathan P. Kastellec & Gregory J. Wawro, The Politics of Opinion Assignment 
and Authorship on the US Court of Appeals: Evidence from Sexual Harassment Cases, 44 J. LEGAL STUD. 
S59, S60 (2015) (“While opinion assignment on the US Supreme Court has been studied extensively, it 
has received relatively scant attention on other appellate courts, including the US courts of appeals.”); 
Jonathan Remy Nash, Expertise and Opinion Assignment on the Courts of Appeals: A Preliminary 
Investigation, 66 FLA. L. REV. 1599, 1602 (2014) (“[T]he assignment of opinions on the basis of 
expertise, especially on the federal courts of appeals, is undertheorized and understudied.”). 
 19 See, e.g., Cheng, supra note 5, at 550 (explaining the advantages of opinion specialization). 
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specialization may be normatively desirable for generalist courts, it is likely 
not so for specialized tribunals. 
Second, given the potential concern with opinion specialization in 
specialized tribunals, this Article explores the extent to which the 
phenomenon occurs. We approach this question by examining the process of 
opinion assignment in the U.S. Court of Appeals for the Federal Circuit. To 
date, the limited empirical studies of opinion specialization have focused 
almost exclusively on generalist courts, as opposed to specialized courts like 
the Federal Circuit.20 While the Federal Circuit is best known for its near-
exclusive jurisdiction over patent appeals, it also hears cases in a wide 
variety of matters, such as veteran benefits, government contracts, 
government-personnel disputes, and tax refunds, among others. 21  The 
Federal Circuit’s large jurisdictional breadth, at least in comparison with 
other specialized courts, enables a robust exploration of opinion 
specialization and makes it an ideal tribunal for our study. 
To empirically test for opinion specialization at the Federal Circuit, we 
created a novel database of all authored opinions over a fourteen-year 
period.22 We then employed a regression framework to examine whether 
judges write a disproportionate number of opinions in certain subject matter 
categories. We find evidence that opinion specialization is a robust part of 
the Federal Circuit’s practice. Moreover, judges write a disproportionately 
large number of opinions in preferred subject matters and write a 
disproportionately fewer number of opinions in subject areas they seek to 
avoid. Perhaps unsurprisingly, certain subject matters spur more 
specialization than others. 
After laying out the theoretical concerns with opinion specialization in 
specialized tribunals and documenting opinion specialization at the Federal 
Circuit, this Article identifies how several highly criticized doctrinal 
developments at the Federal Circuit may have been driven by opinion 
specialization. 23  Importantly, this Article does not purport to prove that 
opinion specialization is causing the Federal Circuit to produce lower-quality 
opinions, although we suspect that it is. Instead, it provides a novel plausible 
 
 20 See infra Section II.A. 
 21  See Appeals Filed, by Category: FY 2018, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/sites/default/files/the-court/statistics/CaseloadbyCategory2018_-
_Final.pdf [https://perma.cc/VS7U-W2X6]; Gugliuzza, supra note 17, at 1439 (noting that the 
scholarship on the Federal Circuit has overwhelmingly focused on its patent law jurisprudence and that 
“[p]atent law scholars have . . . largely overlooked [the nonpatent-jurisdiction] component of the Federal 
Circuit’s work”).  
 22 Per curiam opinions are excluded as discussed in Section III.A. 
 23 See infra Section V.A. 
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explanation—opinion specialization—for what many perceive as the Federal 
Circuit’s doctrinal shortcomings24 and documents opinion specialization at 
the appellate court, leaving the more complex causal empirical analysis for 
future research. Finally, this Article concludes by exploring mechanisms in 
which opinion specialization may be diminished as well as examining 
implications of our findings for the broader judiciary. 
This Article proceeds in five Parts. Part I begins by defining what a 
specialized court is and then draws on the existing literature on specialized 
courts to begin to assess the normative desirability of opinion specialization. 
Part II summarizes previous empirical studies on opinion specialization and 
delineates the features of the Federal Circuit that make it an ideal tribunal to 
study opinion specialization. Part III describes our dataset and methodology. 
The results of our empirical analysis are presented in Part IV. Part V argues 
that opinion specialization at the Federal Circuit may have led to the 
development of several highly criticized lines of doctrine and examines 
mechanisms by which opinion specialization can be diminished. Finally, this 
Article concludes by examining the implications of our findings for the 
broader judiciary. 
I. OPINION SPECIALIZATION: THEORY 
This Part draws on existing literature on specialized courts to assess the 
desirability of opinion specialization. More specifically, this Part presents 
our principal theoretical insights. First, the normative desirability of opinion 
specialization depends on whether the court itself is specialized. Second, 
while opinion specialization in generalist courts should be embraced, 
opinion specialization in specialized tribunals should be viewed with deep 
skepticism. However, before turning to this theoretical contribution, it is 
important to define judicial specialization in general and specialized courts 
in particular. To this end, this Part begins by defining what constitutes a 
specialized tribunal.  
Specialized courts have a long history in the U.S. judiciary. On the 
federal level, Congress created the first specialized tribunal in 1855, the 
Court of Claims, to hear claims against the U.S. government. 25  Judicial 
specialization also has a long history in intelligence and military affairs.26 
 
 24 See infra Section II.B. 
 25 See Act of Feb. 24, 1855, ch. 122, 10 Stat. 612. 
 26 Indeed, specialization is quite common in military and national security contexts. For example, the 
Court of Appeals for the Armed Forces is an Article I court with jurisdiction to review sentences in courts 
martial. See 10 U.S.C. § 867(a). Similarly, Congress created the Court of Appeals for the Veterans Claims 
in 1988 to review the veterans-benefits decisions of the Board of Veteran’s Appeals within the 
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Perhaps the most infamous specialized court, the U.S. Court of Appeals for 
the Federal Circuit, was created in 1984 to bring uniformity to patent law.27 
States arguably have an even richer history with specialized tribunals. At the 
appellate level, Alabama, Oklahoma, and Texas have courts that hear only 
criminal appeals.28 Pennsylvania has a specialized appellate court that hears 
cases with government litigants and appeals from administrative agencies.29 
What constitutes a specialized versus a generalist court? Two aspects 
of a court’s jurisdiction give rise to formalized specialization. First is the 
breadth of a court’s jurisdiction. Courts of limited jurisdiction hear cases of 
a particular type—such as tax or bankruptcy—and thus are specialized as 
compared to courts of unlimited jurisdiction, which hear all kinds of cases.30 
Jurists on courts of limited jurisdiction necessarily hear a relatively narrow 
range of legal issues, limiting their exposure to the broader legal corpus. 
Second, the exclusivity of a court’s jurisdiction—i.e., the extent to 
which cases in a particular field at one level of the court system are 
concentrated among a limited number of judges—gives rise to 
specialization. 31  A court’s exclusivity refers to whether the court has a 
monopoly over the types of cases it hears at a particular court level.32 Hence, 
if a court has exclusive jurisdiction over a field of law, decision-making 
power with respect to that field of law is vested within that specialized court 




Department of Veterans Affairs. Veterans’ Judicial Review Act, Pub. L. No. 100-687, § 301, 102 Stat. 
4105, 4113–22 (1988) (codified as amended at 38 U.S.C. §§ 7251–7299). And so too, the Foreign 
Intelligence Surveillance Act (FISA) Court hears petitions for orders permitting electronic surveillance 
on agents of a foreign power. 50 U.S.C. § 1803(a).  
 27 H.R. REP. NO. 97-312, at 22 (1981). 
 28 See DANIEL JOHN MEADOR, APPELLATE COURTS IN THE UNITED STATES 15, apps. A–B (2d ed. 
2006).  
 29 David W. Craig, The Court for Appeals—and Trials—of Public Issues: The First 25 Years of 
Pennsylvania’s Commonwealth Court, 4 WIDENER J. PUB. L. 321 (1995). Specialization is even more 
common in state trial courts. Approximately half of the states have courts that specialize in criminal 
hearings, most often misdemeanors, and about one-third have separate probate courts. BAUM, supra note 
4, at 18–19 & tbl.1.5. Moreover, juvenile courts, small claim courts, and traffic courts are common. Id. at 
19.  
 30 Revesz, supra note 12, at 1121–30. 
 31 See, e.g., Craig Allen Nard & John F. Duffy, Rethinking Patent Law’s Uniformity Principle, 
101 NW. U. L. REV. 1619, 1642 (2007) (characterizing the Federal Circuit as “an experiment both in 
judicial specialization and in the concentration of intermediate appellate jurisdiction”). 
 32 See Lawrence Baum, Judicial Specialization, Litigant Influence, and Substantive Policy: The 
Court of Customs and Patent Appeals, 11 LAW & SOC’Y REV. 823, 826–27 (1977); Revesz, supra note 
12, at 1121; Nard & Duffy, supra note 31, at 1642. 
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FIGURE 1: TAXONOMY: SPECIALIZED COURTS 
 
Courts in the upper left-hand quadrant, which enjoy nonexclusive 
jurisdiction and unlimited jurisdiction, are not specialized courts at all. Thus, 
these tribunals are the most generalist courts in the federal system. Examples 
include the federal district courts and the regional courts of appeals, with the 
exception of the D.C. Circuit. Courts in the upper right-hand quadrant, which 
enjoy exclusive jurisdiction and unlimited jurisdiction, are specialized 
courts. These courts hear all case types within federal jurisdiction while also 
exercising exclusive jurisdiction over some specific types of cases.33 For 
example, the D.C. Circuit enjoys exclusive jurisdiction over reviewing 
decisions of various administrative agencies, while also maintaining 
unlimited jurisdiction over federal cases arising from the District of 
Columbia.34 
 
 33 The degree of specialization of such courts will depend on the percentage of cases in their docket 
that fall within their exclusive jurisdiction.  
 34 The D.C. Circuit has exclusive jurisdiction over the review of standards promulgated by the 
Environmental Protection Agency, see, e.g., Safe Drinking Water Act, 42 U.S.C. § 300j-7(a); Clean Air 
Act, 42 U.S.C. § 7607(b); Comprehensive Environmental Response, Compensation, and Liability Act, 
42 U.S.C. § 9613(a), as well as the review of certain orders and actions of the Federal Communications 
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Courts in the bottom left-hand quadrant are characterized by limited, 
nonexclusive jurisdiction and comprise specialized courts that decide only 
cases of a particular type but are not the exclusive venue for cases of that 
type. Perhaps the most famous example is the U.S. Tax Court, which has 
limited, nonexclusive jurisdiction over federal income tax disputes.35 Finally, 
courts in the bottom right-hand quadrant have limited, exclusive jurisdiction 
and are also specialized courts. One such example is the Federal Circuit, 
which has near-exclusive jurisdiction over patent appeals 36  and limited 
jurisdiction over veteran benefits, government contracts, government-
personnel disputes, and tax refunds, among other case types.37  
Of course, courts do not fall neatly into these four quadrants, as 
specialization along both dimensions is a continuum. The degree of a court’s 
specialization depends on the percentage of cases in its docket that fall within 
its exclusive or limited jurisdiction in comparison to courts at the same 
hierarchical level. Consider, for instance, tax law. Taxpayers who are 
unhappy with an assessment by the IRS have several options. Disgruntled 
taxpayers can take their case to the Tax Court without paying the disputed 
amount.38 Or, alternatively, taxpayers can pay the disputed amount and sue 
for a refund in federal district court or in the Court of Federal Claims.39 
 
 35 See 26 U.S.C. § 6214(a) (jurisdiction of the Tax Court over Internal Revenue Service (IRS) 
deficiency determinations); 28 U.S.C. § 1346(a)(1) (jurisdiction of district courts and Court of Federal 
Claims over refund suits). Decisions of the Tax Court and district courts are appealed to the regional 
circuit in which the taxpayer resides. See 26 U.S.C. § 7482(b) (venue provision for appeals for the Tax 
Court); 28 U.S.C. §§ 1294, 1402(a) (venue provisions for cases filed in district courts). In contrast, 
decisions of the Court of Federal Claims are appealed to the Federal Circuit. See 28 U.S.C. § 1295(a)(3) 
(appellate review of the Court of Claims decisions by the Federal Circuit).  
 36 In patent cases, the Federal Circuit has jurisdiction over three types of appeals: (1) appeals from 
district court cases “arising under” the patent laws—such as patent infringement suits, 28 U.S.C. 
§§ 1295(a)(1), 1338(a); (2) appeals from decisions of the Patent Office’s adjudicatory board, id. 
§ 1295(a)(4)(A); and (3) appeals from investigations by the International Trade Commission related to 
the importation of goods alleged to infringe on a U.S. patent, id. § 1295(a)(6); see also 19 U.S.C. 
§ 1337(a)(1)(B) (discussing goods that infringe a “valid and enforceable United States patent”).  
 Notably, historically the Federal Circuit did not have plenary jurisdiction over patent-law matters, as 
the Supreme Court held that patent claims that arose solely as counterclaims by the defendant did not 
“arise under” patent laws. See Christianson v. Colt Indus. Operating Corp., 486 U.S. 800, 805–06, 809–
10 (1988); see also Holmes Grp., Inc. v. Vornado Air Circulation Sys., Inc., 535 U.S. 826, 831–34 (2002) 
(refusing to extend the Federal Circuit’s jurisdiction to counterclaims that raise a patent-law issue). 
Congress overruled the Supreme Court in 2011. Leahy-Smith Am. Invents Act, Pub. L. No. 112-29, 
§ 19(b), 125 Stat. 284, 331–32 (2011) (codified at 28 U.S.C. § 1295(a)(1)). 
 37  See Court Jurisdiction, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/the-court/court-jurisdiction [https://perma.cc/P5TG-4GF5] (discussing the 
Federal Circuit’s jurisdiction). 
 38 See 26 U.S.C. § 6213(a) (restricting assessment and collection of deficiencies when a petition is 
filed in Tax Court until a final determination is made).  
 39 See id. § 1346(a)(1) (jurisdiction of district courts and Court of Federal Claims over refund suits).  
115:1405 (2021) Specialization in Specialized Courts 
1415 
Nevertheless, most taxpayers file their grievances at the Tax Court.40 As a 
result, the Tax Court is informally specialized along the exclusivity 
dimension because it hears a disproportionate number of tax cases relative 
to other tribunals. Thus, under a continuous taxonomy, the Tax Court should 
be located in between the bottom-left and bottom-right quadrants, reflecting 
the court’s formal specialization (limited jurisdiction) and informal 
specialization (hearing a disproportionate number of tax cases in comparison 
to other tribunals at the same hierarchal level). 
A. Benefits and Costs of Opinion Specialization 
Although there is robust literature on the costs and benefits of 
specialized courts, opinion specialization is vastly undertheorized. To the 
limited extent existing literature has wrestled with the normative desirability 
of opinion specialization, it has largely determined the practice should be 
encouraged.41 This Section draws on the extensive literature on specialized 
courts to provide a richer assessment of the desirability of opinion 
specialization. 
1. Benefits of Opinion Specialization 
Two benefits of specialized tribunals are particularly relevant for 
opinion specialization: expertise and efficiency. 42  Specialized courts 
increase expertise by repeatedly exposing jurists to particular subject 
matters. Experts are more likely to write “high quality” opinions that increase 
legal accuracy, meaning the legal rule is consistent with the underlying 
policy of the legal regime.43 Further, specialized jurists are more familiar 
with the overall statutory scheme, enabling them to draft opinions that are 
 
 40 The majority of all tax cases are filed with the Tax Court. Between 1994 and 2000, the ratio of 
filings in the Tax Court to district court filings varied from eleven-to-one to nineteen-to-one. Robert M. 
Howard, Controlling Forum Choice and Controlling Policy: Congress, Courts and the IRS, 35 POL’Y 
STUD. J. 109, 113 & fig.2 (2007). 
 41 See, e.g., Cheng, supra note 5, at 549–50 (explaining the benefits of opinion specialization).  
 42 Important discussions of costs and benefits of judicial specialization include BAUM, supra note 4, 
at 31–41; PAUL D. CARRINGTON, DANIEL J. MEADOR & MAURICE ROSENBERG, JUSTICE ON APPEAL 168–
77 (1976); FRANKFURTER & LANDIS, supra note 17, at 146–86; FRIENDLY, supra note 17, at 153–96; 
POSNER, supra note 17, at 244–70; Dreyfuss, supra note 17, at 377–82; Jordan, supra note 12, at 745–
85; Revesz, supra note 12, at 1116. 
 43 We draw this term from the work of Rochelle Cooper Dreyfuss. See Rochelle Cooper Dreyfuss, 
In Search of Institutional Identity: The Federal Circuit Comes of Age, 23 BERKELEY TECH. L.J. 787, 796 
(2008). There is some empirical evidence that specialization increases accuracy of outcomes in several 
subjects, at least as defined by Supreme Court affirmance on issues that have divided circuits. However, 
the evidence does not suggest that specialization increases accuracy of outcomes in all subject matters. 
Eric Hansford, Note, Measuring the Effects of Specialization with Circuit Split Resolutions, 63 STAN. L. 
REV. 1145, 1169–71 (2011).  
N O R T H W E S T E R N  U N I V E R S I T Y  L A W  R E V I E W 
1416 
more coherent and consistent with the policies underlying the law they 
administer. 44  In technically complex areas, specialists have a greater 
understanding of not only the legal doctrine but also the underlying nonlegal 
principles, such as scientific or economic facts.45  Notably, this expertise 
benefit accrues regardless of whether the court is specialized due to exclusive 
or limited jurisdiction, as both types of specialization amplify a judge’s 
exposure to particular types of cases. 
Specialization can also promote institutional efficiency. 46  Scholars 
argue that the federal judiciary, as it is currently structured, cannot support 
the growing volume of litigation. 47  Judicial specialization could help 
alleviate the burgeoning caseloads facing courts of general jurisdiction. 
Judges who sit on courts with narrow subject matters will gain expertise in 
that field. This expertise, in theory, should enable judges to adjudicate cases 
faster.48 
Like specialized courts, opinion specialization has the potential to 
enhance judges’ expertise and efficiency. Writing a disproportionate number 
of cases in a legal field increases judges’ exposure to those cases. Increased 
exposure should, in theory, produce expertise and efficiency gains in 
handling those cases. 
Nevertheless, we think these benefits have diminishing marginal 
returns, at least with respect to opinion specialization. Whatever expertise 
and efficiency gains opinion specialization creates likely decrease among 
 
 44 David P. Currie & Frank I. Goodman, Judicial Review of Federal Administrative Action: Quest 
for the Optimum Forum, 75 COLUM. L. REV. 1, 67 (1975) (arguing that expert jurists are “less likely to 
make accidental errors”). 
 45 See FRIENDLY, supra note 17, at 158 (“[A patent-specialized judge] is . . . likely to know a good 
deal more about radioactivity than someone like the writer, whose college specialty was European history 
and who avoided science courses because of lack of real comprehension.”). 
 46  Daniel J. Meador, An Appellate Court Dilemma and a Solution Through Subject Matter 
Organization, 16 U. MICH. J.L. REFORM 471, 475–82 (1983).  
 47 See, e.g., id. at 471–73 (discussing the dangers of rising caseloads). It is possible to increase the 
number of judicial positions in a given circuit; however, this would result in more judges issuing opinions 
on the same issue, leading to greater incoherence of the law and more litigation. See COMM’N ON 
REVISION OF THE FED. CT. APP. SYS., STRUCTURE AND INTERNAL PROCEDURES: RECOMMENDATIONS 
FOR CHANGE 59, reprinted in 67 F.R.D. 195, 266 (1975) (noting that as the number of judges increases 
in a circuit, so too does the likelihood of intracircuit splits). One may also add further layers of appellate 
review; this too, however, would result in proliferation of litigation, albeit vertically between district 
courts and courts of appeal. 
 48 For empirical evidence of this assertion, see Decio Coviello, Andrea Ichino & Nicola Persico, 
Measuring the Gains from Labor Specialization, 62 J.L. & ECON. 403, 414–19 (2019), estimating that 
specialization increases judges’ efficiency in processing cases without having a negative impact on 
quality, as measured by the probability of an appeal. 
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courts that are already specialized.49 As we explore more fully in Part V, 
consider a panel that has to assign a physics-related opinion. There is a 
significant expertise gain from assigning the opinion to a judge with physics 
expertise as opposed to a judge with no physics expertise. But there is a much 
more modest expertise gain, it seems, by assigning a quantum-physics-
related opinion to a judge with quantum-physics expertise as opposed to a 
judge with only general-physics expertise. 50  At some point, additional 
subspecialization in a court no longer provides meaningful expertise or 
efficiency benefits. 
Thus, while opinion specialization likely increases the expertise and 
efficiency of jurists, these expertise and efficiency gains—following the law 
of diminishing returns—are likely larger for generalist courts than 
specialized courts. 
2. Costs Associated with Opinion Specialization in  
Specialized Courts 
The literature on specialized tribunals also highlights two recurring 
concerns that are relevant to opinion specialization: myopia and 
politicization. Concerning myopia, specialized courts limit the breadth of 
cases jurists review. 51  This tunnel vision may cause jurists to overly 
preference the policy furthered by the law they administer at the expense of 
competing law and policy.52 Further, because specialized courts have fewer 
peer-level tribunals, especially those with exclusive jurisdiction, competition 
to write persuasive opinions may be diminished.53 Moreover, the lack of 
dialogue between peer-level tribunals via circuit splits and citations to 
 
 49 On the law of diminishing returns, see WILLIAM J. BAUMOL & ALAN S. BLINDER, ECONOMICS: 
PRINCIPLES AND POLICY 141–42 (13th ed. 2016). 
 50 Cf. REX HARTSON & PARDHA PYLA, THE UX BOOK: AGILE UX DESIGN FOR A QUALITY USER 
EXPERIENCE 550–51 (2d ed. 2019) (finding diminishing returns upon increasing the number of specialists 
to solve a problem); Patrick Collison & Michael Nielsen, Science Is Getting Less Bang for Its Buck, 
ATLANTIC (Nov. 16, 2018), https://www.theatlantic.com/science/archive/2018/11/diminishing-returns-
science/575665/ [https://perma.cc/KZ49-MQZJ] (noting that scientific progress is not keeping pace with 
increases in time and money spent on research). 
 51 Cheng, supra note 5, at 552. 
 52 See RICHARD A. POSNER, THE FEDERAL COURTS: CRISIS AND REFORM 157 (1985). 
 53  See Rochelle Cooper Dreyfuss, The Federal Circuit: A Case Study in Specialized Courts, 
64 N.Y.U. L. REV. 1, 25 (1989) [hereinafter Dreyfuss, The Federal Circuit]; see also Rochelle Cooper 
Dreyfuss, Lecture, What the Federal Circuit Can Learn from the Supreme Court—and Vice Versa, 
59 AM. U. L. REV. 787, 790 (2010) (identifying the concern that judges in specialized tribunals may 
disregard incentives to innovate, depriving other areas of law) [hereinafter Dreyfuss, What the Federal 
Circuit Can Learn].  
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persuasive authority may also inhibit the percolation, sharpening, and 
exchange of ideas, degrading the quality of opinions.54 
Opinion specialization also implicates myopia concerns, as judges who 
write a disproportionate number of opinions in a legal field may pay less 
attention to the broader legal corpus. Nevertheless, as Professor Edward 
Cheng has argued, myopia concerns are minimized when opinion 
specialization occurs in generalist courts.55 Generalist judges still have a 
diversified docket, even if they specialize in writing opinions in certain 
fields.56 Panel assignments across a diversified, generalist docket prevent 
judges from fully specializing in one or two fields to the total avoidance of 
others. In addition, because generalist courts have sister tribunals to persuade 
and percolate ideas, concerns regarding tunnel vision and a diminishment in 
opinion quality are also substantially attenuated.57 
In contrast, opinion specialization in specialized courts will likely only 
intensify tunnel-vision and myopia concerns. Opinion specialization in 
specialized courts further concentrates cases within the judiciary and further 
limits judicial exposure to broader legal issues. This, in turn, likely may lead 
to judges on specialized courts having even more isolation from the broader 
legal system and even less cross-pollination of ideas.58 This is especially true 
for specialized courts that have exclusive jurisdiction over a subject matter 
and hence have no sister courts to diffuse judicial power and encourage a 
 
 54  See Dreyfuss, The Federal Circuit, supra note 53, at 25. Observers have argued that, regardless 
of the impact of specialization on the quality of decision-making, specialization coupled with near-
exclusive jurisdiction stymies the ability of higher courts to correct errant decisions. See Dreyfuss, supra 
note 17, at 380. While circuit splits may give rise to forum shopping, they do serve as a valuable signal 
to the Supreme Court in deciding which petitions for certiorari it should grant. See H.W. PERRY, JR., 
DECIDING TO DECIDE: AGENDA SETTING IN THE UNITED STATES SUPREME COURT 246–52, 277–79 
(1991) (noting that circuit splits are a strong factor in granting certiorari); DORIS MARIE PROVINE, CASE 
SELECTION IN THE UNITED STATES SUPREME COURT 38–39 (1980) (recognizing legal commentators and 
Justices’ admissions that a conflict between court decisions constitutes a likely reason for review); S. 
Sidney Ulmer, The Supreme Court’s Certiorari Decisions: Conflict as a Predictive Variable, 78 AM. 
POL. SCI. REV. 901, 910 (1984) (noting that the Supreme Court was “significantly responsive” to issues 
of legal conflict in the determination of whether to grant certiorari). 
 Of course, circuit splits are not the only metric the Supreme Court utilizes in deciding certiorari 
petitions. Professor John Duffy has argued that the Supreme Court’s increased reliance upon the Office 
of the Solicitor General’s views provide the Court with metrics other than judicial splits in deciding which 
certiorari petitions to grant in patent law. John F. Duffy, The Federal Circuit in the Shadow of the Solicitor 
General, 78 GEO. WASH. L. REV. 518, 535–38, 540 (2010). 
 55 Cheng, supra note 5, at 554. 
 56 Id. 
 57 See id. at 555; Revesz, supra note 12, at 1156–57. 
 58 See Wood, supra note 1, at 1767 (noting a generalist docket permits “cross-fertilization of ideas” 
as a judge may “look[] at cases from one field and realize[] how an earlier decision in which [she] 
participated from a different field may suggest a creative answer to the problem”). 
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dialogue of ideas. Although opinion authors are not completely independent 
from other panelists, the ability to draft an opinion has long been recognized 
as providing a judge with a unique ability to shape the reasoning of the 
opinion.59 As a result, perhaps the most significant concern with opinion 
specialization on specialized courts is that it likely increases the chances that 
doctrine may reflect the idiosyncratic preferences of a few judges.60 
The second common objection to specialized courts is their 
vulnerability to politicization. 61  Commentators argue that the one-
dimensional docket may allow for ideological appointments.62 Concentrating 
judicial power in a small subset of judges enables interest groups to 
consolidate and focus their energy and resources towards appointments of 
that court. 63  Moreover, the repetitive nature of the workload may make 
specialized judges vulnerable to interest groups that routinely argue before 
them.64 Repeat litigants, whose benefits have been well documented, are 
especially poised to exploit this vulnerability.65 
 
 59 Jeffrey R. Lax & Charles M. Cameron, Bargaining and Opinion Assignment on the US Supreme 
Court, 23 J.L. ECON. & ORG. 276, 276 (2007); FORREST MALTZMAN, JAMES F. SPRIGGS II & PAUL J. 
WAHLBECK, CRAFTING LAW ON THE SUPREME COURT: THE COLLEGIAL GAME 6–9 (2000). 
 60 See Paul D. Carrington, The Obsolescence of the United States Courts of Appeals: Roscoe Pound’s 
Structural Solution, 15 J.L. & POL. 515, 516 (1999) (noting that one of the reasons why intermediate 
federal courts were created “was to assure defeated litigants that the judicial power brought to bear on 
them was the work of more than a single perhaps idiosyncratic individual”); cf. Saul Brenner & Harold 
J. Spaeth, Issue Specialization in Majority Opinion Assignment on the Burger Court, 39 W. POL. Q. 520, 
520 (1986) (noting that one drawback of having opinion specialization at the Supreme Court is that greater 
influence may mean that decisions are not “considered judgment of all members of the majority”). 
 61 See, e.g., Dreyfuss, supra note 17, at 379–80 (noting the political-capture concern with specialized 
courts, where “neither resource-spreading nor influence-dilution” would circumvent interest groups’ 
influence). 
 62 E.g., POSNER, supra note 52, at 153–56. 
 63 See Paul D. Carrington, Crowded Dockets and the Courts of Appeals: The Threat to the Function 
of Review and the National Law, 82 HARV. L. REV. 542, 591 (1969) (explaining that a specialized court 
“limited to a few kinds of matters” may cause “those involved in the litigation” to “make an extraordinary 
effort to control the selection of its judges”); Sarang Vijay Damle, Note, Specialize the Judge, Not the 
Court: A Lesson from the German Constitutional Court, 91 VA. L. REV. 1267, 1283 (2005) (discussing 
how a specialized court enables interest groups to target their resources more effectively to “ensure the 
appointment of favorably disposed judges”). 
 64 Cf. Dreyfuss, supra note 17, at 379–80 (stating that interest groups would not face resource-
spreading issues when seeking to influence a specialized bench).  
 65 Id. at 380 (noting that “the side that is better heeled or more powerful could capture the court and 
create a bench more likely to issue one-sided opinions”).  
 The extent to which the Federal Circuit suffers from this pathology and exhibits a pro-patent bias has 
been the subject of much debate. See, e.g., Baum, supra note 32, at 824 (arguing that court specialization 
increases the likelihood that interest groups can shape policy); William M. Landes & Richard A. Posner, 
An Empirical Analysis of the Patent Court, 71 U. CHI. L. REV. 111, 111–12 (2004) (explaining why the 
Federal Circuit is “pro-patent” in comparison to the regional circuits); Sapna Kumar, Expert Court, Expert 
Agency, 44 U.C. DAVIS L. REV. 1547, 1608 (2011) (“[T]he Federal Circuit has the disadvantage of having 
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Opinion specialization in generalist courts does not formally 
concentrate cases in one or a few tribunals. As a result, specialization in 
generalist courts largely avoids politicization concerns. Sister tribunals 
diffuse judicial power and eliminate easy targets for ideological 
appointments, muting the incentives of interest groups. 
In contrast, opinion specialization in specialized courts could further 
intensify concerns for politicization. Although one might hope that two other 
panelists would have a moderating effect on a specialized jurist, it is unclear 
how strong the moderating effect would be if the specialized jurist is seen as 
an expert in the field. Thus, if a few judges on specialized courts also 
subspecialize, these judges may become overly sympathetic to the litigants 
they repeatedly encounter. Further, if specialized judges subspecialize in 
areas based on their background, interest groups can more accurately target 
their resources and more effectively invest in the appointments process. 
 
*          *          * 
 
 
been structured from the beginning to meet the needs of patent interest groups.”); Arti K. Rai, Engaging 
Facts and Policy: A Multi-Institutional Approach to Patent System Reform, 103 COLUM. L. REV. 1035, 
1110 (2003) (discussing tunnel vision in the Federal Circuit); Clarisa Long, The PTO and the Market for 
Influence in Patent Law, 157 U. PA. L. REV. 1965, 1971 (2009) (“Judges in specialized courts may come 
to identify a little too closely with the areas of law in which they specialize.”). But see John M. Golden, 
The Supreme Court as “Prime Percolator”: A Prescription for Appellate Review of Questions in Patent 
Law, 56 UCLA L. Rev. 657, 683 (2009) (contending that the idea that the Federal Circuit is pro-patent is 
“substantially implausible”); Rochelle Dreyfuss, Pathological Patenting: The PTO as Cause or Cure, 
104 MICH. L. REV. 1559, 1569 (2006) (arguing that bias at the Federal Circuit is “unlikely” because not 
all of the court’s judges are former patent attorneys and parties that appear before the court “are often 
well-financed, enjoy the advantages of repeat play, and (because the patent bar is not split along 
plaintiff/defendant lines) have access to the same representation”). 
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FIGURE 2: COSTS AND BENEFITS OF SPECIALIZATION IN COURTS 
 
As Figure 2 illustrates, opinion specialization is likely normatively 
desirable in generalist courts but likely problematic in specialized tribunals. 
Although we define a general trend for opinion specialization—decreasing 
benefits and increasing costs—we cannot definitively say when the costs 
begin to outweigh the benefits. To identify exactly where the costs of opinion 
specialization outweigh the benefits, one needs to know the rate at which the 
benefits associated with opinion specialization are decreasing and the rate at 
which the costs associated with opinion specialization are increasing along 
the axis of specialization. Even though we cannot pinpoint the exact location 
where the costs associated with opinion specialization outweigh the benefits, 
we hope the reader is convinced that specialization at specialized tribunals 
should be more seriously scrutinized.  
The remainder of this Article complements this theoretical contribution 
by empirically examining to what extent jurists on specialized courts further 
specialize by writing a disproportionate number of opinions in certain fields. 
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II. PREVIOUS EMPIRICAL STUDIES OF OPINION ASSIGNMENT AND THE 
FEDERAL CIRCUIT 
This Part summarizes previous empirical studies of opinion 
specialization in the federal courts of appeals and delineates the reasons we 
choose to study opinion specialization at the Federal Circuit. 
A. Previous Empirical Studies 
A handful of studies have explored opinion specialization at the 
appellate level and found differing levels of specialization. Notably, no study 
has focused on the Federal Circuit or specialized courts in general. In 
arguably the first study on opinion specialization at the circuit-court level, 
Professor Burton Atkins examined opinion assignment for eight federal 
appellate courts over mostly two- to three-year periods during the late 1950s 
and 1960s.66 Atkins found that opinion assignments were “not random” and 
that “judges tend[ed] to specialize in certain substantive areas.” 67  For 
instance, on the Second Circuit, Judge Hays wrote 46.6% of tax opinions in 
which he was in the majority.68 By comparison, Judge Waterman wrote only 
15.3% of such opinions.69 Similarly, in the Fifth Circuit, Atkins found that 
Judge Rives wrote 47.8% of constitutional opinions in which he was in the 
majority, whereas Judge Tuttle wrote none.70 
In 1981, Professor J. Woodford Howard Jr. analyzed opinion 
assignment in the Second, Fifth, and D.C. Circuits for a two-year span in the 
1960s. 71  Howard’s results are mixed. Whereas he found evidence of 
specialization in the Fifth Circuit, 72  his findings were inconsistent with 
Atkins’s, as he found no meaningful evidence of specialization in the Second 
Circuit.73 
In 2008, Cheng investigated whether judges on all the U.S. courts of 
appeals—except the Federal Circuit—specialized during the years 1995–
 
 66 See Burton M. Atkins, Opinion Assignments on the United States Courts of Appeals: The Question 
of Issue Specialization, 27 W. POL. Q. 409, 413–14, 414 n.12 (1974) (noting that the emergence of 
substantive opinion-writing specialization in appellate courts had not been systematically studied yet and 
describing the time periods of investigation). 
 67 Id. at 409–10.  
 68 Id. at 416 tbl.3.   
 69 Id.  
 70 Id. at 420 tbl.6. 
 71 J. WOODFORD HOWARD, JR., COURTS OF APPEALS IN THE FEDERAL JUDICIAL SYSTEM: A STUDY 
OF THE SECOND, FIFTH, AND DISTRICT OF COLUMBIA CIRCUITS 24 (1981). 
 72 See id. at 252–53. 
 73 See id. at 250.  
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2005. 74  Cheng also found that opinion specialization varied across the 
regional courts of appeals.75 More specifically, while he found little evidence 
of opinion specialization in the First and Eleventh Circuits, he found 
substantial specialization in the Seventh, Ninth, and Tenth Circuits.76 The 
Second and Fifth Circuits fell somewhere in between.77 
Most recently, a handful of scholars has begun to explore the 
determinants of opinion assignment in the U.S. courts of appeals. Professor 
Jonathan Nash tested an experience-driven theory by examining opinion 
assignments for cases falling under the United States Sentencing Guidelines 
on the First and Fourth Circuits. 78  In particular, he examined opinion 
assignments on panels that included Judge (later Justice) Stephen Breyer and 
Judge William W. Wilkins, Jr., both of whom were former Commissioners 
on the Sentencing Commission that drafted the Guidelines. 79  He found 
evidence suggesting expertise influences opinion assignments: Sentencing 
Guidelines cases were being assigned to Judges Breyer and Wilkins at higher 
rates than normal. 80  Professors Sean Farhang, Jonathan Kastellec, and 
Gregory Wawro also studied opinion assignment and authorship in the U.S. 
courts of appeals. 81  They found “women and more liberal judges are 
substantially more likely to write opinions in [sexual harassment] cases.”82 
Moreover, Farhang et al. found evidence suggesting that these judges pursue 
assignment of opinions they wish to author.83 In other words, Farhang et al. 
support the contention that opinion assignment is a good proxy for a judge’s 
preferences.84 
Finally, there is substantial political science literature on opinion 
assignment on the Supreme Court. Scholars have noted specialization on the 
 
 74 See Cheng, supra note 5, at 526. 
 75 See id. at 540 (“The results strongly suggest that specialization is alive and well in the federal 
appellate judiciary.”). Professor Cheng did not include the Federal Circuit in his study because the Federal 
Judicial Center’s database and the database provided by Thomson West, from which his data was drawn, 
did not include data on the Federal Circuit. Id. at 531. 
 76 Id. at 541. 
 77 Id. at 534 fig.1.2, 536 fig.1.5. 
 78 Nash, supra note 18, at 1606–07. 
 79 Id. 
 80 See id.  
 81 See Farhang et al., supra note 18, at S59–S60. 
 82 Id. 
 83 See id. 
 84 But see Daniel Hemel & Kyle Rozema, Status and Power on Multimember Courts 4 (Nw. L. & 
Econ. Rsch. Paper No. 17-05; U. Chi. Coase-Sandor Inst. for L. & Econ. Rsch. Paper No. 822; U. Chi., 
Pub. L. Working Paper No. 646, 2020), https://papers.ssrn.com/aabstract_id=2965880 
[https://perma.cc/9ARF-43V2] (finding some evidence that assignment power in the courts of appeals 
may be utilized for strategic reasons).  
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Warren, 85  Burger, 86  and Rehnquist 87  Courts. However, it is unclear how 
useful these Supreme Court studies are for the judiciary at large. Most 
saliently, the Supreme Court does not operate on a panel system. Instead, 
every Justice hears almost every case, and the Chief Justice assigns over 80% 
of opinions.88  Thus, opinion assignments may reflect less upon Justices’ 
preferences and more upon strategic behavior by the Chief Justice to 
maintain a majority or align ideological predilections.89 
B. The Federal Circuit 
Before turning to our reasons for studying opinion specialization on the 
Federal Circuit, a brief primer on how opinions are assigned on the Federal 
Circuit is helpful. Like all federal appellate courts, cases on the Federal 
Circuit are initially heard by panels of three random judges.90 The most 
senior active judge on a merits panel is designated the presiding judge.91 
After oral argument concludes, the judges hold a conference wherein panel 
members cast preliminary votes on cases. If the presiding judge is in the 
majority, she assigns the opinion.92 If the presiding judge dissents, the most 
senior active judge in the majority assigns the opinion.93 
We study opinion specialization on the Federal Circuit for several 
reasons. First, and most obviously, the Federal Circuit is a specialized—
 
 85 See, e.g., Saul Brenner, Issue Specialization as a Variable in Opinion Assignment on the U.S. 
Supreme Court, 46 J. POL. 1217, 1218, 1220–21, 1222–23 tbl.1 (1984) (finding specialization in subfields 
of civil liberties law for “six of the seventeen [J]ustices who served on the Warren Court”); S. Sidney 
Ulmer, The Use of Power in the Supreme Court: The Opinion Assignments of Earl Warren, 1953-1960, 
19 J. PUB. L. 49, 55–61 (1970) (analyzing opinion assignment on the Warren Court). 
 86 See, e.g., Brenner & Spaeth, supra note 60, at 522–24 (concluding that the Burger Court showed 
evidence of issue specialization). 
 87 See, e.g., Forrest Maltzman & Paul J. Wahlbeck, May It Please the Chief? Opinion Assignments 
in the Rehnquist Court¸ 40 AM. J. POL. SCI. 421, 431–32, 435 tbl.2, 437 (1996) (finding that expertise 
was a significant factor in opinion assignment on the Rehnquist Court). 
 88 Id. at 423 n.1 (noting that the “Chief Justice assigns approximately 80–85% of the Court’s majority 
opinions”). 
 89 See JEFFREY A. SEGAL & HAROLD J. SPAETH, THE SUPREME COURT AND THE ATTITUDINAL 
MODEL REVISITED 378–80 (2002) (arguing a primary reason for specialization is to align policy 
preferences); Hemel & Rozema, supra note 84, at 25 (concluding that “assigning judges exert influence 
over case outcomes through strategic assignment of opinions to other panel members”).  
 90 U.S. CT. OF APPEALS FOR THE FED. CIRCUIT, COURT JURISDICTION 8 (2019), 
http://www.cafc.uscourts.gov/sites/default/files/the-court/June_2019_Jurisdiction.pdf 
[https://perma.cc/64HM-XFPG]. For a broader discussion of the extent to which panel assignment is truly 
random on the courts of appeals, see infra note 200.  
 91  U.S. CT. OF APPEALS FOR THE FED. CIR., INTERNAL OPERATING PROCEDURES 4 (2008), 
http://www.cafc.uscourts.gov/sites/default/files/rules-of-practice/IOPs/IOPsMaster2.pdf 
[https://perma.cc/YNT2-6H2J]. 
 92 Id. at 18. 
 93 Id. 
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rather than a generalist—court. As discussed, prior empirical studies on 
opinion specialization have focused almost exclusively on generalist courts, 
neglecting specialized courts like the Federal Circuit. 94  Our theoretical 
insight that opinion specialization on specialized tribunals is normatively 
undesirable raises the question of to what extent we see specialization on 
specialized tribunals. 
Additionally, the Federal Circuit is a superior testbed among 
specialized tribunals due to its relatively large breadth of jurisdiction. 95 
While arguably best known for its near-exclusive jurisdiction over patent 
appeals, the Federal Circuit also hears cases in a wide variety of matters such 
as veteran benefits, government contracts, government-personnel disputes, 
and tax refunds, among others.96 The Federal Circuit’s expansive jurisdiction 
enables a robust exploration of opinion specialization. Furthermore, the 
Federal Circuit is one of thirteen courts of appeals in the federal judiciary, 
which elevates its import on the development of substantive law.97 
Finally, the appellate court has long been subject to intense criticism, 
especially with respect to patents, making it ripe for further study. The 
Supreme Court, after paying little attention to patent cases for the first twenty 
years of the Federal Circuit’s existence,98 has more recently taken a keen 
interest in patent-law issues.99 A common critique of the Federal Circuit is 
 
 94 See supra Section II.A. 
 95 BAUM, supra note 4, at 16 (“The Court of Appeals for the Federal Circuit[’s] . . . jurisdiction . . . 
is unusually broad for a specialized court.”). 
 96 See Appeals Filed, by Category: FY 2018, supra note 21; Gugliuzza, supra note 17, at 1439 (noting 
that the scholarship on the Federal Circuit has overwhelmingly focused on its patent-law jurisprudence 
and that “[p]atent law scholars have . . . largely overlooked [the nonpatent jurisdiction] component of the 
Federal Circuit’s work”). 
 97 Daniel Hemel & Kyle Rozema, Decisionmaking on Multimember Courts: The Assignment Power 
in the Circuits 2 (May 9, 2017) (unpublished manuscript), 
https://chicagounbound.uchicago.edu/cgi/viewcontent.cgi?article=2509&context=law_and_economics 
[https://perma.cc/9EYR-T75Q] (“[T]he federal courts of appeals are a worthy subject of study in their 
own right because of the extraordinary impact they have on the development of American law.”). 
 98 See Mark D. Janis, Patent Law in the Age of the Invisible Supreme Court, 2001 U. ILL. L. REV. 
387, 387 (“The Supreme Court has rendered itself well nigh invisible in modern substantive patent law. 
The Court of Appeals for the Federal Circuit . . . has become the de facto supreme court of patents.”). 
 99 See, e.g., Mayo Collaborative Servs. v. Prometheus Lab’ys, Inc., 566 U.S. 66, 72 (2012) (holding 
a method for determining drug dosage is not patent eligible); Ass’n for Molecular Pathology v. Myriad 
Genetics, Inc., 569 U.S. 576, 580 (2013) (holding that naturally occurring DNA is not patent eligible but 
DNA not found in nature is patent eligible); Limelight Networks, Inc. v. Akamai Techs., Inc., 572 U.S. 
915, 917 (2014) (holding no liability for inducing infringement of a patent under 35 U.S.C. § 271(b) when 
no one has directly infringed the patent under § 271(a)); Nautilus, Inc. v. Biosig Instruments, Inc., 
572 U.S. 898, 901 (2014) (holding that patent is invalid for indefiniteness if its claims, read in light of the 
patent’s specification and prosecution history, fail to inform, with reasonable certainty, those skilled in 
the art about the scope of the invention); Teva Pharms. USA, Inc. v. Sandoz, Inc., 574 U.S. 318, 322 
(2015) (holding that claim construction is a mixed question of law and fact); Commil USA, LLC v. Cisco 
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that the patent doctrine it has developed, although uniform, is insular and 
severed from economic reality. 100  Scholars have primarily linked these 
complaints to two structural features of the Federal Circuit: its exclusive and 
limited jurisdiction. 
Some argue the court’s exclusive jurisdiction creates poor percolation 
of legal ideas and produces legal doctrines that are stale and divorced from 
broader legal developments.101 As a structural remedy, these scholars look to 
increase dialogue between generalist jurists and the Federal Circuit. Along 
this vein, scholars suggest directing some patent appeals to other circuit 
courts, 102  instituting en banc review of the Federal Circuit by generalist 
judges,103 and encouraging the Supreme Court to make new patent law in 
areas in which patent law needs reform.104 
Other scholars link the pathologies associated with the Federal Circuit 
to the breadth of the court’s jurisdiction. These scholars provide solutions 
that broaden the Federal Circuit’s perspective beyond its narrow docket of 
cases. To this effect, scholars argue that Congress should supplement the 
Federal Circuit’s nonpatent docket with a variety of commercial disputes105 
and appoint judges to the court “with backgrounds in antitrust litigation, 
economic analysis, and economic and industrial history.”106 
 
Sys., Inc., 135 S. Ct. 1920, 1924 (2015) (holding that a defendant’s belief regarding patent validity is not 
a defense to an induced infringement claim); Halo Elecs., Inc. v. Pulse Elecs., Inc. 136 S. Ct. 1923, 1928 
(2016) (rejecting the Federal Circuit’s test for enhanced damages under § 284 as unduly rigid); Samsung 
Elecs. Co. v. Apple Inc., 137 S. Ct. 429, 432 (2016) (holding that relevant article of manufacture for 
arriving at a damage award under § 289 need not be the end product sold to the consumer but may be 
only a component of that product); see also Dreyfuss, What the Federal Circuit Can Learn, supra note 
53, at 792 (noting that the Supreme Court “has recently begun to intervene regularly” in matters of patent 
law and that “it has reversed, vacated, or questioned nearly every [Federal Circuit] decision” reviewed). 
 100  See, e.g., JAMES BESSEN & MICHAEL J. MEURER, PATENT FAILURE: HOW JUDGES, 
BUREAUCRATS, AND LAWYERS PUT INNOVATORS AT RISK 229–30 (2008) (criticizing the court’s 
response to new technologies); Nard & Duffy, supra note 31, at 1620–21 (covering patent-related 
complaints about the court). 
 101 See, e.g., Nard & Duffy, supra note 31, at 1622 (“The fault is much more likely to be structural, 
and it can be traced directly to the Federal Circuit’s exclusive subject matter jurisdiction over patent 
cases.”). 
 102 Id. at 1623–24; see also BESSEN & MEURER, supra note 100, at 227–31 (contending that enabling 
multiple appellate courts to review patent cases would enhance the notice function of patent claims). 
 103 Rai, supra note 65, at 1124–25. 
 104 See Golden, supra note 65, at 662 (“The Court’s primary role in [patent law] should be to combat 
undesirable ossification of legal doctrine. Consequently, the Court should generally confine its review of 
substantive patent law to situations where there is a substantial risk that Federal Circuit precedent has 
frozen legal doctrine either too quickly or for too long. Further, the Court’s decisions in this area should 
typically be modest, seeking to spur, rather than foreclose, subsequent legal development.”). 
 105 Gugliuzza, supra note 17, at 1499–1500. 
 106 Rochelle Cooper Dreyfuss, The Federal Circuit: A Continuing Experiment in Specialization, 
54 CASE W. RSRV. L. REV. 769, 797 (2004). 
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This Article offers an alternative explanation for the criticisms of the 
Federal Circuit: opinion specialization. Like limited and exclusive 
jurisdiction, opinion specialization infuses specialization into the Federal 
Circuit. As discussed in Section I.A, opinion specialization, in many ways, 
mimics the pathologies associated with exclusive and limited jurisdiction.107 
Both exclusive jurisdiction and opinion specialization concentrate cases 
within the judiciary. Exclusive jurisdiction concentrates cases within a single 
court in one hierarchal level of the court system, whereas opinion 
specialization disproportionately directs cases to a few judges within a court. 
When they are both present, exclusive jurisdiction and opinion specialization 
act to limit the number of judges that are intimately engaged with a subject 
matter, which can lead to tunnel vision and politicization. Likewise, both 
limited jurisdiction and opinion specialization may work to limit the 
exposure of judges to broader legal issues, risking tunnel vision and 
politicization. 
Importantly, if opinion specialization is the cause of at least some of the 
Federal Circuit’s shortcomings, proposals to diminish such specialization, as 
discussed in Part V, are arguably a more realistic path forward than the 
remedies associated with modifying the court’s jurisdiction. 
III. DATA AND METHODOLOGY 
A. Data Overview 
Our dataset includes 4,029 Federal Circuit opinions issued between 
October 2004 and January 2018.108 It excludes per curiam opinions, as they 
are written by anonymous authors and thus provide no information regarding 
a particular judge’s writing preferences.109 Our dataset also excludes court 
orders and Rule 36 judgments.110 It does, however, include both precedential 
and nonprecedential opinions. 
 
 107 See supra Section I.A. 
 108  See Historical Caseload, U.S. CT. OF APPEALS FOR THE FED. CIR. (Sept. 24, 2019), 
http://www.cafc.uscourts.gov/sites/default/files/the-court/statistics/01-_Historical_Caseload_Graph_83-
19_Final.pdf [https://perma.cc/879N-GYG8] (displaying the number of appeals filed each year since 
1983). There were 2,839 per curiam opinions during the time period of our study.  
 109 U.S. CT. OF APPEALS FOR THE FED. CIRCUIT, supra note 91, at 19 (describing the process of 
designating a per curiam opinion). 
 110 See U.S. CT. OF APPEALS FOR THE FED. CIR., FEDERAL RULES OF APPELLATE PROCEDURE 156–
57 (2020), http://www.cafc.uscourts.gov/sites/default/files/rules-of-practice/FederalCircuitRulesofPrac 
tice-July2020.pdf [https://perma.cc/KD2L-XT66] (describing when Rule 36 judgments, which are 
judgments of affirmance without opinion, are proper). Given that our primary concern is that opinion 
specialization could give rise to suboptimal development of law as discussed in Section I.B, we exclude 
all cases in which there was no written opinion from our database. 
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In its final form, our dataset connects Federal Circuit opinions with 
twenty-seven distinct attributes. These attributes include an opinion’s docket 
number, issuance date, case caption, and tribunal of origin, among other 
things. For the purpose of this study, the most relevant attributes are an 
opinion’s author, majority judges, concurring judge(s), dissenting judge(s), 
subject matter category, and patent-technology category, if applicable. The 
last two attributes—subject matter and patent technology—are discussed in 
Sections III.C and III.D, respectively. 
Our dataset is, to our knowledge, the first of its kind. The Federal 
Judicial Center publishes a civil-case database covering the regional courts 
of appeals, but it omits data on the Federal Circuit. 111 Without a single, 
comprehensive source, we built our own database by meshing opinion data 
from different sources. Two primary sources are Professor Jason Rantanen’s 
Federal Circuit Decisions Database112 and the Federal Circuit’s Opinions and 
Orders archive. 113  Rantanen’s database provided us with accurate judge 
information for most opinions in our dataset. Yet, his database, at the time 
we began this study, did not contain information pertaining to subject 
matters, patent numbers, or patent technologies. 114  The Federal Circuit’s 
archive provides basic case information alongside full opinions, usually in 
the form of PDF or Word documents. However, like Rantanen’s database, 
the Federal Circuit’s archive does not provide patent or subject matter 
information, at least not in a convenient format. Thus, the bulk of our efforts 
focused on deriving subject matter and patent-technology attributes from 
opinion texts. 
To ensure the veracity and reliability of our dataset, we followed formal 
procedures when collecting and processing opinion data from outside 
sources. To fill gaps between these sources, we entered missing values by 
hand and, when appropriate, applied automated labeling techniques to the 
more formulaic tasks. To combat meshing errors, we performed multiple 
checks for duplicate opinion entries. And when deriving the subject matter 
 
 111  See IDB Appeals 2008-Present, FED. JUD. CTR., https://www.fjc.gov/research/idb/ 
interactive/IDB-appeals-since-2008 [https://perma.cc/68XF-WD3J] (presenting search endpoints for all 
circuits other than the Federal Circuit).  
 112  Federal Circuit Decisions Database [hereinafter The Compendium], 
https://fedcircuit.shinyapps.io/federalcompendium [https://perma.cc/NF77-QSGG]. For discussion of the 
methodology and contents of The Compendium, see The Compendium of Federal Circuit Decisions, U. 
IOWA: THE FED. CIR. DATA PROJECT, https://empirical.law.uiowa.edu/compendium-federal-circuit-
decisions [https://perma.cc/Y9RA-M6BF], and Jason Rantanen, The Landscape of Modern Patent 
Appeals, 67 AM. U. L. REV. 985, 996–1007 (2018). 
 113  Opinions & Orders, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/opinions-orders [https://perma.cc/DU2G-WMTR]. 
 114 The Compendium, supra note 112.  
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and patent-technology attributes, we deliberately duplicated assignments 
among researchers. Conflicting or uncertain answers were resolved by the 
authors. As a final measure, we performed accuracy checks on random 
subsets of the data.115 
B. Methodology 
To empirically test for judicial specialization, we assess whether judges 
concentrate their writing activities in certain areas. Does Judge Lourie write 
disproportionately more opinions in patents relative to his peers? Does Judge 
Wallach write disproportionately more opinions in international trade than 
his peers? One can also specialize by avoiding writing opinions in certain 
areas. For instance, does Judge Stoll write disproportionately fewer opinions 
in veterans’ affairs than her peers? 
While we reserve many details regarding our empirical analyses for the 
Appendix,116 we walk through a few key features of our methodology below. 
To begin, the unit of analysis for our empirical methodology is a given 
writing opportunity.117 A writing opportunity contemplates a judge being in 
the majority for a particular decision.118  A judge authoring a concurring 
 
 115 These checks confirm the reliability of our dataset. Concerning the subject matter analysis, the 
error rate for judge information lies between 1.5% ± 0.375%, while the error rate for the subject matter 
attribute lies between 0.5% ± 0.218%. As for the patent-technology analysis, the error rate for judge 
information lies between 0.667% ± 0.351%, while the error rate for the patent-technology attribute lies 
between 1.333% ± 0.494%. All error rates were calculated on a 95% confidence interval. These accuracy 
checks are presented in more detail in the Appendix. Infra Appendix Section I.A. 
 116 Infra Appendix Section I.B.  
 117 An alternative study might examine judges’ panel assignments under the belief that judges 
express their preferences in terms of voting opportunities. See Theodore Eisenberg, Talia Fisher & Issi 
Rosen-Zvi, Does the Judge Matter? Exploiting Random Assignment on a Court of Last Resort to Assess 
Judge and Case Selection Effects, 9 J. EMPIRICAL LEGAL STUD. 246, 250 (2012) (citing Miron Gross & 
Yoram Shachar, How Are Supreme Court Panels Selected?—A Quantitative Analysis, 29 HEBREW U. L. 
REV. 567 (1999)) (considering the relationship between judge specialization and case assignment patterns 
at the Supreme Court of Israel). While this may be true to some degree, we believe that judges are more 
likely to express preferences by writing actual opinions and not by influencing panel assignments, see 
Cheng, supra note 5, at 531, which should be random or near random. But see Adam S. Chilton & Marin 
K. Levy, Challenging the Randomness of Panel Assignment in the Federal Courts of Appeals, 
101 CORNELL L. REV. 1 (2015) (finding that several of the circuit courts have panels that are nonrandom 
in ways that impact the ideological balance of panels).  
 118 Accounting for writing opportunities is crucial. Consider this illustration of Judge A and Judge 
B. During a certain time period, Judge A was on fifty panels for contracts cases and was in the majority 
in all fifty cases. During that same time, Judge B was on thirty panels for contracts cases and was in the 
majority in all thirty. Both judges wrote ten majority opinions. Without accounting for writing 
opportunities, Judge A and Judge B express the same level of preference for contracts cases (ten written 
opinions). The superior approach—which we follow—accounts for writing opportunities and, as a result, 
recognizes that Judge B expresses more preference than Judge A. Judge B had the opportunity to write 
only thirty opinions and wrote on ten such occasions. Judge A, on the other hand, had fifty opportunities 
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opinion is technically in the majority and thus has a writing opportunity. A 
dissenting judge, on the other hand, does not have a writing opportunity.119 
For each judge, we determine the cases in which she was in the majority and 
thus had an opportunity to write the opinion. Our key outcome variable—
that is, the variable whose determinants we are trying to explain—is whether 
the judge associated with that observation took advantage of that writing 
opportunity and wrote the opinion. 
At their core, our empirical analyses hinge on two steps. First, we 
calculate each judge’s probability of writing an opinion in each subject 
matter. This calculation is done using two-way methods. Thus, it accounts 
for variations in judges’ caseloads and even disparate number of opinions 
across subject matters. Writing probabilities are relevant to opinion 
specialization. If, for example, no judge exhibits writing preferences, we 
would expect that Judge Moore’s probability of writing a patent opinion 
 
and wrote on ten occasions. Thus, our analysis counts written opinions in the context of writing 
opportunities. 
 119 But our analysis does not divide written opinions by writing opportunities as a metric like the 
opinion-assignment ratio (OAR) would instruct. See Ulmer, supra note 85, at 54 (explaining OAR in the 
context of a Chief Justice’s power to assign opinions). Instead, we count a judge’s majority appearances 
and number of opinions written. Collectively, the majority appearances are called a “set” of writing 
opportunities. And our main statistical test—logistic regression—accounts for disparate set sizes in its 
final model. See DAVID W. HOSMER & STANLEY LEMESHOW, APPLIED LOGISTIC REGRESSION 56–57 (2d 
ed. 2000) (illustrating logistic regression with the predictor “Race,” a polychotomous, unbalanced 
independent variable, which has more “Black” samples than “White” samples and more “White” samples 
than “Other” samples). Logistic regression, in other words, accounts for Judge A having a higher caseload 
than Judge B. See Sven F. Crone & Steven Finlay, Instance Sampling in Credit Scoring: An Empirical 
Study of Sample Size and Balancing, 28 INT’L J. FORECASTING 224, 233 (2012) (concluding that logistic 
regression is “remarkably robust” to balancing majority and minority predictor classes and that the 
difference in performance between an unbalanced and perfectly balanced datasets is not statistically 
significant). While using the OAR might be the more straightforward way of doing things, see Cheng, 
supra note 5, at 545–46 (citing to articles using the OAR to quantify specialization at the U.S. courts of 
appeals in the mid-1970s and the assignment powers of the Warren Court), logistic regression is better 
suited for continuous integer counts (as opposed to zero-to-one ratios), and, ultimately, using logistic 
regression enables a markedly more robust statistical analysis. In other words, regression is superior to 
crude averages like OAR because regression can account for between-predictor interactions, such as a 
judge’s total appearances across multiple case categories. See Jihye Jeon, The Strengths and Limitations 
of the Statistical Modeling of Complex Social Phenomenon: Focusing on SEM, Path Analysis, or Multiple 
Regression Models, 9 INT’L J. ECON. & MGMT. ENG’G 1634, 1634–35 (2015) (summarizing regression’s 
usefulness in predictive research on a set of independent variables). Regardless, our approach parallels 
the OAR in an important way: Both gauge a judge’s writing activity in the context of that judge’s writing 
opportunities.  
 Under an OAR approach, we would pre-compute the zero-to-one ratios for each judge–subject matter 
interaction. This is problematic for two reasons: first, some judges had no writing opportunities in certain 
categories, resulting in an OAR denominator of zero. Judge Archer, for example, did not participate in 
any Vaccine or Native American cases during our dataset’s time period. Second, by feeding logistic 
regression precomputed ratios, the final model loses sight of a judge’s total appearances across multiple 
case categories, which is important for a two-way analysis. 
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would be equal to that of her peers. Likewise, her probability of writing a 
trademark opinion, or an opinion on any other subject, would be equal to that 
of her peers. Thus, if judges are not specializing, the probability of a judge 
writing an opinion (when having an opportunity to do so) does not depend 
on the particular combination of that judge and subject matter. However, if 
we find that the probability of writing an opinion depends on the particular 
combination of judge and subject matter, we can conclude that opinion 
specialization occurs. 
Second, we quantify the magnitude difference between each judge’s 
observed probabilities and expected probabilities for each subject matter. In 
this step, we essentially model how writing frequencies should have looked, 
all things being equal. Next, we quantify the difference between what should 
have happened and what did happen. Notably, we accomplish step two using 
two-way methods, just like step one. Thus, a difference of probabilities for 
one judge is calculated relative to other judges. 
We operationalize our empirical analyses through a regression 
framework, as it provides a straightforward way to test our basic 
hypothesis—whether the probability of writing an opinion depends upon a 
particular combination of judge and subject matter.120 Each judge–subject 
matter combination is given a different categorical variable to include as a 
key explanatory variable in the regression. To determine whether there is a 
relationship between judges and subject matters—i.e., whether 
specialization is present—we test whether the estimated regression 
coefficients for these categorical variables are the same. The output of our 
regression framework is Pearson standardized residuals, which quantify 
writing activities on a scale from avoidance to preference.121 Thus, these 
residuals accomplish step two—quantifying probabilities differences—by 
enabling us to identify outlier judges, judges exhibiting abnormal 
participation in certain subject matter/patent-technology categories. 122  A 
Pearson standardized residual greater than 2 or less than –2 indicates the 
 
 120 See discussion infra Section IV.A Figure 3. 
 121  See HOSMER & LEMESHOW, supra note 119, at 167–73. The standardized Pearson-residual 






In this formula, ℎ  is the full leverage, which is derived from the hat matrix, a projection matrix 
representing an entire covariate space. Id. at 168, 173. From a statistical perspective, residuals quantify 
the difference between specific predicted (e.g., fitted) outcomes and observed outcomes. Id. at 145.  
 122 See JEFFREY S. SIMONOFF, ANALYZING CATEGORICAL DATA 36 (2003) (“Residual plots are very 
useful to detect outliers and leverage points.”). 
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observed outcome is an outlier, evidencing opinion specialization. 123  A 
residual greater than 4 or less than –4 indicates the observed outcome is a 
substantial outlier, evidencing substantial opinion specialization. 124  We 
cluster the standard errors for our analysis at the judge level. 
C. Research Perspectives: Subject Matter Categories 
We consider judicial specialization at two separate levels of subject 
matter granularity. First, we start with a broad subject matter analysis that 
examines opinion-writing preferences of Federal Circuit judges across 
thirteen subject matter categories. We define the subject matter categories in 
accordance with the Federal Circuit’s “Caseload by Category” statistics.125 
In total, there are thirteen subject matter categories: 
 
1)  Takings 8)  Trademarks 
2)  Veterans 9)  Personnel 
3)  International Trade 10) Native American 
4)  Vaccine 11) Patent 
5)  Tax 12) Spent Nuclear Fuel 
6)  Military/Civilian Pay 13) Other 
7)  Contracts 
 
 
Most of the categories are self-explanatory. Four are worth further 
clarification: Other, Veterans, Military/Civilian Pay, and Personnel. “Other” 
is essentially a miscellaneous category that covers oddball cases not 
normally within the Federal Circuit’s jurisdiction. Examples include 
 
 123 See Dipankar Bandyopadhyay, Lecture at the Med. U. of S.C. on Partitioning Chi Squares and 
Residual Analysis 8, http://people.musc.edu/~bandyopd/bmtry711.11/lecture_10.pdf 
[https://perma.cc/3TMY-Q2RB] (noting that “a [Pearson-standardized-residual] value greater than 2 or 3 
indicates a lack of fit”); CORNELL STAT. CONSULTING UNIT, USING ADJUSTED STANDARDIZED 
RESIDUALS FOR INTERPRETING CONTINGENCY TABLES 2 (2020), 
https://www.cscu.cornell.edu/news/statnews/95_conttableresid.pdf [https://perma.cc/KF7E-6BFH]. 
 124  See Identifying Outliers (Unusual Y Values), PA. STATE EBERLY COLL. OF SCI., 
https://newonlinecourses.science.psu.edu/stat462/node/172/ [https://perma.cc/P4VU-6MT7] (“[I]ts 
standardized residual (3.68) leads this software to flag the data point as being an observation with a ‘Large 
residual.’”); see also Stephanie Glen, Standardized Residuals in Statistics: What Are They?, STAT. HOW 
TO, https://www.statisticshowto.datasciencecentral.com/what-is-a-standardized-residuals/ [https://perma 
.cc/BE3J-54MJ] (“If your residuals are +/-3, then it means that something extremely unusual is 
happening. If you get +/-4, it’s something from the Twilight Zone!”). 
 125  See Appeals Filed, by Category: FY 2017, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/sites/default/files/the-court/statistics/FY_17_Filings_by_Category.pdf 
[https://perma.cc/DT83-FXQP] (displaying the percentage of appeals filed in each subject matter 
category).  
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copyright,126 trade secret,127 and Patent and Trademark Office disbarment 
cases.128 Veterans cases primarily come from the U.S. Court of Appeals for 
Veterans Claims and typically concern veterans’ benefits. 129  Veterans’ 
benefits cases can include prayers for disability compensation,130 which, to a 
certain degree, create confusion between the Veterans category and 
Military/Civilian Pay category. The meaningful distinction is that Veterans 
cases are grounded in veterans’ benefits claims and thus originate in military 
or veterans courts. Military/Civilian Pay cases are grounded in monetary 
claims and thus originate in the Court of Federal Claims or, occasionally, the 
federal district courts. 131  Personnel cases primarily come from the Merit 
Systems Protection Board and almost exclusively involve employment-law 
claims by federal employees. These claims can imply compensation, too, but 
the connection is much less direct.132 
D. Research Perspectives: Patent-Technology Categories 
Second, we conduct a more granular analysis of opinion specialization 
in patents. More specifically, we examine opinion-writing preferences of 
Federal Circuit judges across eight patent-technology categories. Recall the 
“Patent” category in our subject matter analysis.133 Our patent-technology 
analysis provides further study of these “Patent” opinions. For consistency, 
we define the patent-technology categories in accordance with the National 
Bureau of Economic Research (NBER) patent classes.134 We split design 
 
 126 See, e.g., Oracle Am., Inc. v. Google Inc., 750 F.3d 1339 (Fed. Cir. 2014) (involving alleged 
infringement of patents and copyrights relating to software programming language). 
 127 See, e.g., Organik Kimya v. Int’l Trade Comm’n, 848 F.3d 994 (Fed. Cir. 2017) (concerning a 
purported misappropriation of competitor’s trade secrets). 
 128 See, e.g., Sheinbein v. Dudas, 465 F.3d 493 (Fed. Cir. 2006) (focusing on a decision that excluded 
attorney from practice before PTO based on disbarment in other jurisdictions). 
 129 See, e.g., Delisle v. McDonald, 789 F.3d 1372 (Fed. Cir. 2015) (examining a determination that 
veteran’s identified symptoms fell within established diagnostic codes). 
 130 See, e.g., Arzio v. Shinseki, 602 F.3d 1343 (Fed. Cir. 2010) (reviewing decision that denied claim 
for disability compensation for post-traumatic stress disorder). 
 131 This distinction is demonstrated by Fisher v. United States, 402 F.3d 1167, 1173 (Fed. Cir. 2005). 
In Fisher, a veteran brought a retirement-pay claim in the Court of Federal Claims. Id. at 1171. The court 
dismissed the claim, and the veteran appealed. Id. Despite the case involving a military-disability issue, 
the Federal Circuit found jurisdiction because the claim was sufficiently “money-mandating.” Id. at 1174–
75. This was enough to pull the claim outside of the exclusive jurisdiction of federal military authority. 
For our purposes, a “money-mandating” claim falls under military/civilian pay. 
 132 See, e.g., Devlin v. Off. of Pers. Mgmt., 767 F.3d 1285, 1286 (Fed. Cir. 2014) (involving an 
employee death-benefits application of a surviving spouse of a civilian federal employee). 
 133 See infra Section IV.B. 
 134 See Bronwyn H. Hall, Adam B. Jaffe & Manuel Trajtenberg, The NBER Patent-Citations Data 
File: Lessons, Insights, and Methodological Tools, in PATENTS, CITATIONS & INNOVATIONS: A WINDOW 
ON THE KNOWLEDGE ECONOMY 403, 415 (Adam B. Jaffe & Manuel Trajtenberg eds., 2002). 
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patents into a separate category. Additionally, we use a “Multiple Groups” 
category to collect cases connected to multiple categories. In total, there are 
eight patent-technology categories: 
 
1)  Drugs and Medical 5)  Mechanical 
2)  Chemical 6)  Other 
3)  Electrical 7)  Design 
4)  Computer and Communications 8)  Multiple Groups 
 
The “Other” category is an original NBER technology class. 135  It 
includes subclasses such as agriculture, apparel and textiles, pipes and joints, 
and receptacles, among other things.136 
IV. RESULTS 
Our results suggest that opinion specialization occurs frequently at the 
Federal Circuit. We also find that opinion specialization occurs both in the 
positive and negative directions. Judges write a disproportionate number of 
 
 135 See id. 
 136 See id. at 453–54. Opinions are sorted into these eight bins using a three-step process. First, we 
identify patent numbers in each opinion. This includes numbers for utility patents, design patents, plant 
patents, reissue patents, and patent applications (but not provisional applications). Whether an opinion is 
a patent opinion is a binary inquiry: Does an opinion contain one of these patent numbers? If not, we 
designate the opinion as a nonpatent opinion. If so, we designate the opinion as a patent opinion regardless 
of the substantive issue presented in the case—i.e., matters of jurisdiction.  
 Second, if the opinion contains more than one patent number, we remove patent numbers pertaining 
to prior art patents. Courts will often analyze prior art patents in the context of patent-invalidity analyses. 
Without getting deep into the weeds, invalidity hinges on obviousness, and obviousness can be shown by 
combining prior art in creative ways. A novel fishing pole might be obvious in light of other fishing-pole 
patents (Others—agriculture and husbandry), a carbon-fiber materials patent (Chemical), and a surgery-
instrument patent (Drugs and Medical). Under that example, the only relevant patent is the patent for the 
novel fishing pole; our analysis does not consider the prior art patents. The logic here is that technology 
categories of prior art patents may be extraneous to the principal technology in a given case. A judge who 
enjoys writing about that principal technology is unlikely to consider the extraneous technology 
categories. Thus, including the prior art patents in our analysis would push more cases into the Multiple 
Groups category, which is irrational from our point of view. 
 Third and finally, we match the patent(s) in each opinion with the patent-technology categories. For 
example, U.S. patent 4,959,699 (entitled “High power MOSFET with low on-resistance and high 
breakdown voltage”) is matched with the Electrical patent-technology category. See U.S. Patent No. 
4,959,699 (filed June 22, 1989). This involves looking up the NBER class for each patent number and 
converting the NBER class into one of eight patent-technology categories. We automated this process 
using the USPTO’s PatentsView API, which can be found at http://www.patentsview.org/api/patent.html 
[https://perma.cc/V7K6-T6LM]. As mentioned above, an opinion involving patents in multiple categories 
is placed into the Multiple Groups category. Also, opinions involving only design patents are placed in 
the Design category. After these steps are completed, each patent opinion is linked with its patent-
technology attribute. This attribute encodes an opinion’s patent-technology category. 
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opinions in their preferred subject matter at the expense of not writing a 
proportionate number of cases in other areas. 
Figures 3 through 10 graphically illustrate the results of our empirical 
analyses. In Figures 3 through 4 and 9 through 10, each horizontal line 
represents a particular subject matter/patent-technology category, and each 
dot represents a single judge. In Figures 5 through 8, each line represents a 
particular subject matter category for a specific judge. As outlined above, the 
degree of specialization is measured using standardized residuals.137 Positive 
residuals represent a greater preference to write opinions in a category, 
whereas negative residuals represent a greater avoidance to write opinions in 
a category. The dark gray region denotes residuals between –2.0 and 2.0, 
representing instances in which no specialization is found. The light gray 
region denotes residuals with an absolute value between 2.0 and 4.0, 
representing judicial outliers—judges who wrote significantly more (or 
fewer) opinions than expected. Residuals with an absolute value greater than 
4.0 represent substantial outliers—judges who wrote substantially more (or 
fewer) opinions than expected. Residuals having an absolute value greater 
than 2.0 are labeled with the judge’s name. 
A. Subject Matter Analysis 
Figure 3 graphically demonstrates our results for judicial specialization 
in the Federal Circuit for all written opinions.138 The results strongly suggest 
that opinion specialization regularly occurs at the Federal Circuit. Opinion 
writing is not randomly distributed, and in some instances, the frequency of 
a judge’s writing is wildly disproportionate to that of her colleagues. No 
judge at the Federal Circuit appears to write in a few areas to the exclusion 
of all others, but this is likely impossible given random panel assignments.  
 
 137 See supra notes 121–124 and accompanying text. 
 138 See infra Figure 3. 
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FIGURE 3: SUBJECT MATTER SPECIALIZATION, RESIDUAL PLOT FOR ALL WRITTEN OPINIONS 
 
Given the large number of judge–subject matter pairings, one may be 
concerned that statistical outliers are inevitable. That is, one might expect 
some degree of heterogeneity in the rate judges write opinions in subject 
matter categories based on chance alone. Fortunately, we are able to conduct 
a statistical test on whether the degree of opinion specialization we observe 
is actually larger than one would expect from chance alone. We find that 
there is less than a 0.01% risk that there are no significant effects between 
our results.139 With this initial inquiry addressed, we must determine what 
drives specialization at the Federal Circuit. We think it is highly likely that 
specialization is motivated in part by the preferences of judges themselves. 
Some judges may purposively specialize by seeking to write opinions in 
 
 139 Regarding the effects-based hypothesis test, the fitted model has a LR Chi-Square test value of 
118.28 with 67 degrees of freedom. Given this test value, we can reject the null hypothesis at a 
significance level of 0.0001. Put differently, there is a 0.01% risk we are rejecting the null hypothesis 
when there are, in fact, no significant effects between variables. Regarding the goodness-of-fit hypothesis 
test, the fitted model has a Pearson Chi-Square test value of 702.93. Given this test value, we reject the 
null hypothesis at a significance level of 0.0001—there is significant evidence the model lacks fit. This 
goodness-of-fit result is not surprising. After all, goodness of fit is affected by outliers, and our study 
seeks to identify outliers.  
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certain subject matter areas. Others may unconsciously favor writing 
opinions on certain subjects. Because the distribution of cases is largely 
random, these preferences may reveal themselves over time—i.e., as judges 
increase in seniority. Recall, the most senior active member of the majority 
assigns opinions on a Federal Circuit panel. 140  Thus, preferences may 
become more salient as a judge’s seniority increases. In other words, a 
judge’s seniority dictates opinion control, and a judge’s opinion control 
reveals opinion specialization. 
Many of the outlier judges—i.e., those with standardized residuals 
outside of the +/– 4 range—identified in Figure 3 make intuitive sense based 
upon the judges’ backgrounds. These judges may feel they have special 
expertise in that particular subject matter—typically prior work experience 
in the specific legal field. Although the influence of judicial background 
requires additional statistical analysis, a judge’s background often strikingly 
explains an observed preference. For instance, Judge Lourie and Judge Linn 
write an overwhelming number of opinions in the field of patent law. Both 
had extensive experience in the field of patent law before joining the bench. 
Prior to being appointed to the Federal Circuit, Judge Lourie was actively 
involved in leadership positions in several intellectual-property-law 
associations and served as vice president and associate general counsel of a 
major pharmaceutical company.141 Similarly, Judge Linn was the head of an 
intellectual-property department at a major law firm, served as Patent 
Advisor for the U.S. Naval Air Systems Command, and worked as a patent 
agent and patent examiner.142 Judge Wallach, who served for sixteen years 
as a judge of the United States Court of International Trade, exhibits a 
 
 140 U.S. CT. OF APPEALS FOR THE FED. CIRCUIT, supra note 91, at 18, 
http://www.cafc.uscourts.gov/sites/default/files/rules-of-practice/IOPs/IOPsMaster2.pdf 
[https://perma.cc/YNT2-6H2J] (noting that the presiding judge, who is the most senior active member of 
the panel in the majority, “assigns the authoring responsibility for each case”). 
 141  See Alan D. Lourie, Circuit Judge, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/judges/alan-d-lourie-circuit-judge [https://perma.cc/TA26-DDB4] (noting 
Judge Lourie has served as president of the Philadelphia Patent Law Association, a member of the Board 
of Directors of the American Intellectual Property Law Association, treasurer of the Association of 
Corporate Patent Counsel, a member of the board of directors of the Intellectual Property Owners 
Association, and Associate General Counsel of SmithKline Beecham Corporation).  
 142  See Richard Linn, 24TH ANN. E. DIST. OF TEX. BAR ASS’N, 
https://edtxbenchbar.com/speakers/judge-richardlinn/#:~:text=Judge%20Linn%20served%20as%20 
Patent,Office%20from%201965%20to%201968 [https://perma.cc/HUD6-TCBW] (noting that, before 
being appointed to the Federal Circuit, “Judge Linn was a Partner and Practice Group Leader at [the 
Washington, D.C. law firm of] Foley and Lardner . . . [and] a Partner and Head of the intellectual property 
department at Marks and Murase, L.L.P. . . . Judge Linn served as Patent Advisor, United States Naval 
Air Systems Command[,] . . . was a Patent Agent at the United States Naval Research Laboratory[,] . . . 
and served as a Patent Examiner at the United States Patent Office.”). 
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striking degree of specialization in international trade.143 Judge Gajarsa, who 
was special counsel for the Commissioner of Indian Affairs for the United 
States Department of Interior, writes a disproportionate number of Native 
American law cases.144 Finally, we note that other scholarship has found that 
specialization appears to be driven in part by the judge’s background, which 
provides further support that our results are not driven by chance alone.145 
Regardless of prior work experience, judges may also specialize in 
areas because they feel those are the most prestigious or the most 
intellectually challenging. 146  Specialization may also stem from internal 
court dynamics. Nonexperts may defer to judges they perceive as experts in 
the area, pushing certain cases to be written by perceived experts.147 Also, 
judges who do not specialize in technically complex areas may shirk writing 
opinions in these fields because they are time consuming or these judges fear 
substantial revision requests from specialized judges.148 However, the true 
driver of opinion specialization is likely a confluence of factors. While 
judges’ backgrounds appear to have a significant explanatory effect, our 
study is not designed to address why judges choose to specialize, and hence 
we leave this question for future analysis. 
In Figure 4, we show a more nuanced analysis of specialization. 
Repeating our analysis associated with Figure 3 enabled a more subtle 
examination, as well as a means to control for nonprecedential opinions at 
the Federal Circuit. However, we utilize only precedential opinions rather 
than all written opinions, as precedential opinions are likely more important 
and influential in the development of law.149 Accordingly, Figure 4 only 
 
 143  See Evan J. Wallach, Circuit Judge, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/judges/evan-j-wallach-circuit-judge [https://perma.cc/T2GQ-QTRB]. 
 144 See Judge Arthur J. Gajarsa (Retired), FEDARB, https://www.fedarb.com/professionals/arthur-
gajarsa/ [https://perma.cc/K83A-AMU7].  
 145 Cheng, supra note 5, at 541–43 (suggesting a link between a judge’s background and later 
specialization).  
 146 Id. at 554. 
 147 See id. at 543.  
 148 See id. 
 149 This is especially important given the Federal Circuit’s strict procedures controlling precedential 
opinions. See U.S. CT. OF APPEALS FOR THE FED. CIR., supra note 91, at 23–24, 
http://www.cafc.uscourts.gov/sites/default/files/rules-of-practice/IOPs/IOPsMaster2.pdf 
[https://perma.cc/YNT2-6H2J] (“The court’s policy is to limit precedent to dispositions meeting one or 
more of these criteria: 
(a) The case is a test case. 
(b) An issue of first impression is treated. 
(c) A new rule of law is established. 
(d) An existing rule of law is criticized, clarified, altered, or modified. 
(e) An existing rule of law is applied to facts significantly different from those to which that rule 
has previously been applied. 
115:1405 (2021) Specialization in Specialized Courts 
1439 
demonstrates judicial specialization at the Federal Circuit for precedential 
opinions.150 The results in Figure 4 are similar to those in Figure 3, although 
there are some distinctions. Possibly the most salient difference is that, as a 
whole, outliers are less extreme and have moved towards the middle. Thus, 
while judges still exhibit a preference or avoidance of writing precedential 
opinions in subject matters, they tend to do so slightly less frequently than 
when all written opinions are considered. 
 
(f) An actual or apparent conflict in or with past holdings of this court or other courts is created, 
resolved, or continued. 
(g) A legal issue of substantial public interest, which the court has not sufficiently treated recently, 
is resolved. 
(h) A significantly new factual situation, likely to be of interest to a wide spectrum of persons 
other than the parties to a case, is set forth. 
(i) A new interpretation of a Supreme Court decision, or of a statute, is set forth. 
(j) A new constitutional or statutory issue is treated. 
(k) A previously overlooked rule of law is treated. 
(l) Procedural errors, or errors in the conduct of the judicial process, are corrected, whether by 
remand with instructions or otherwise. 
(m) The case has been returned by the Supreme Court for disposition by action of this court other 
than ministerial obedience to directions of the Court. 
(n) A panel desires to adopt as precedent in this court an opinion of a lower tribunal, in whole or 
in part.”).  
 150 Regarding the effects-based hypothesis test, the fitted model has a LR Chi-Square test value of 
117.27 with 73 degrees of freedom. Given this test value, we can reject the null hypothesis at a 
significance level of 0.0008. Put differently, there is a 0.08% risk we are rejecting the null hypothesis 
when there are, in fact, no significant effects between variables. Regarding the goodness-of-fit hypothesis 
test, the fitted model has a Pearson Chi-Square test value of 784.39. Given this test value, we reject the 
null hypothesis at a significance level of 0.0001—there is significant evidence the model lacks fit. This 
goodness-of-fit result is not surprising and in line with our hypothesis. After all, goodness-of-fit is 
affected by outliers, and our study seeks to identify outliers.  
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FIGURE 4: SUBJECT MATTER SPECIALIZATION, RESIDUAL PLOT FOR PRECEDENTIAL OPINIONS 
 
One notable observation from Figure 4 is that specialization at the 
Federal Circuit occurs almost as frequently in the negative as the positive 
direction. More specifically, judges that exhibit strong specialization in one 
field also appear to avoid writing opinions in another. For instance, Judge 
Wallach writes an overwhelming number of international-trade opinions but 
appears to avoid writing opinions in patent law. Similarly, Judge Lourie 
writes a striking number of patent-law opinions but appears to avoid writing 
opinions in contracts, spent-nuclear-fuel, and personnel cases. Judge Linn, 
who also writes an overwhelming number of patent-law opinions, appears to 
avoid writing opinions in takings, veterans affairs, tax, and contracts cases. 
Of course, a judge who exhibits significant specialization in one field will 
necessarily need to write fewer cases in other fields—that is, active Federal 
Circuit judges all serve on roughly the same number of panels each year, and 
all are assigned to write roughly the same number of opinions each year. 
Thus, if a judge writes a disproportionate number of opinions in one field, 
then she necessarily must write fewer opinions elsewhere. But this necessary 
avoidance could be spread evenly. Interestingly, it appears that most judges 
who specialize do not avoid writing opinions evenly across the remaining 
subjects but tend to focus their avoidance on particular subject areas. 
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Perhaps unsurprisingly, some subjects seem to encourage specialization 
more than others. Most striking is the number of judges at the Federal Circuit 
who specialize in patent law. In particular, Judges Linn, Lourie, and Rader 
all write an overwhelming number of opinions in the field. Judge Newman 
also writes a disproportionate number of opinions in patent law. All four of 
these judges had extensive patent-law experience before joining the court.151 
Given that the Federal Circuit was created in large part to bring uniformity 
to patent law, it may not be that surprising that a number of judges appear to 
have specialized in writing patent-law opinions at the court.152 Additionally, 
all four of these judges were relatively senior during the time period of our 
study. Given how opinions are assigned at the Federal Circuit, these judges 
likely had the ability to assign themselves patent-law opinions.153 
On the flip side, a considerable number of judges appear to avoid patent 
law cases. Judge Wallach demonstrates a striking aversion to patent cases, 
whereas Judges Bryson, Clevenger, Mayer, and Schall all appear to write 
disproportionately fewer cases in the field.154 It is unclear what drives this 
avoidance. It is possible these judges may be less interested in patent-law 
cases relative to others, or these judges may simply be deferring to judges 
with patent-law backgrounds. Interestingly, none of these judges had 
substantial experience in patent law before joining the Federal Circuit.155 On 
 
 151 See supra notes 141–142 and accompanying text; Circuit Judge Randall R. Rader Assumed the 
Position of Chief Judge of the Federal Circuit on June 1, 2010, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/announcements/circuit-judge-randall-r-rader-assumed-position-chief-
judge-federal-circuit-june-1-20-0 [https://perma.cc/PK26-QHWD]; Pauline Newman, Circuit Judge, 
U.S. CT. OF APPEALS FOR THE FED. CIR., http://www.cafc.uscourts.gov/judges/pauline-newman-circuit-
judge [https://perma.cc/XAC9-XS5J]. 
 152 See H.R. REP. NO. 97-312, at 22–23 (1981). 
 153 See Cheng, supra note 5, at 547–48. There are a number of other judges who had extensive patent-
law experience prior to joining the bench. For example, Judge Moore was a law professor whose research 
and teaching focused on patent law. Kimberly A. Moore, Circuit Judge, U.S. CT. OF APPEALS FOR THE 
FED. CIR., http://www.cafc.uscourts.gov/judges/kimberly-moore-circuit-judge [https://perma.cc/8SPL-
J8DP]. Judge Stoll was a partner at an intellectual-property law firm who specialized in patent litigation. 
Kara Farnandez Stoll, Circuit Judge, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/judges/kara-farnandez-stoll-circuit-judge [https://perma.cc/5JV4-YSNN]. 
Judge Chen served as Deputy General Counsel for Intellectual Property Law and Associate Solicitor at 
the Patent and Trademark Office. Raymond T. Chen, Circuit Judge, U.S. CT. OF APPEALS FOR THE FED. 
CIR., http://www.cafc.uscourts.gov/judges/raymond-t-chen [https://perma.cc/MR26-5RHF]. These 
judges may also prefer patent-law opinions, but during the time period of our study, they were relatively 
junior, which may have hampered their ability to have precedential opinions assigned to them in their 
preferred subject matters. Further, all three judges write a disproportionate number of patent opinions if 
all written opinions are considered. See supra Figure 3. Thus, these judges may be able to secure writing 
nonprecedential patent opinions but not the more influential precedential patent opinions. 
 154 See supra Figure 4. 
 155  See Alvin A. Schall, Circuit Judge, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/judges/alvin-schall-circuit-judge [https://perma.cc/P8FH-C893]; Haldane 
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the whole, Federal Circuit judges demonstrate more specialization in patent 
law, in either the positive or negative directions, than any other subject 
matter. In the Appedix, we provide numerical results for each of the residuals 
for each judge as well as summary statistics of the data. 
To explore how judges’ specializations evolve over time, we repeat the 
analysis associated with Figure 4 (precedential opinions) but calculate each 
judge’s residuals for each subject matter on a yearly basis. Thus, unlike in 
our previous analyses, we calculate residuals in a cumulative manner, year 
by year. This exercise is perhaps most illuminating for judges appointed 
during the time period of our study, 2004 through 2018. Eight judges at the 
Federal Circuit assumed office between 2004 and 2018. 156  To ensure 
sufficient time for opinion-specialization trends to emerge, we exclude 
judges that assumed office after 2012, leaving just four judges: Judges 
Moore, O’Malley, Reyna, and Wallach. The results for all judges, including 
those judges that assumed the bench after 2012 or before 2004, can be found 
in the Appendix. 
Figures 5 through 8 demonstrate the dynamic results for Judges Moore, 
O’Malley, Reyna, and Wallach, respectively. Each line represents the 
residuals for a subject matter category; we label residuals having an absolute 
value greater than 2.0. 
 
Robert Mayer, Circuit Judge, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/judges/haldane-robert-mayer-circuit-judge [https://perma.cc/7ANW-
679A]; Raymond C. Clevenger, III, Circuit Judge, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/judges/raymond-c-clevenger-iii-circuit-judge [https://perma.cc/6U42-
V4KZ]; William C. Bryson, Circuit Judge, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/judges/william-c-bryson-circuit-judge [https://perma.cc/ANF6-PYRX]. 
 156 Judge Moore assumed office in September 2006; Judge O’Malley assumed office in December 
2010; Judge Reyna assumed office in April 2011; Judge Wallach assumed office in November 2011; 
Judge Taranto assumed office in March 2013; Judge Chen assumed office in August 2013; Judge Hughes 
assumed office in September 2013; Judge Stoll assumed office in July 2015. Judge Kimberly A. Moore, 
WHITE HOUSE ARCHIVES, https://georgewbush-whitehouse.archives.gov/infocus/judicialnominees/mo 
ore.html [https://perma.cc/D4AC-YUTM; Kathleen O’Malley Joins Federal Circuit; Confirmation 
Pending on Two More Nominees, BLOOMBERG L., https://news.bloomberglaw.com/ip-law/kathleen-
omalley-joins-federal-circuit-confirmation-pending-on-two-more-nominees [https://perma.cc/8D6L-
FZ5K]; Judge Jimmie V. Reyna Sworn-In on April 7, 2011, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/announcements/judge-jimmie-v-reyna-sworn-april-7-2011-0 
[https://perma.cc/PXL8-83W3]; Judges, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/judges [https://perma.cc/4MLA-HWTV]. 
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FIGURE 5: JUDGE MOORE, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE 7: JUDGE REYNA, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
FIGURE 8: JUDGE WALLACH, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
Figures 5 through 8 demonstrate that specialization trends emerge for 
judges on different time tables. For example, Figure 8 demonstrates Judge 
Wallach’s preference for international-trade cases manifested almost 
immediately. Within two years of Judge Wallach joining the bench, his 
residual for writing precedential international-trade opinions rose above 3.0. 
And by 2018, his residual rose above 5.0. In contrast, Figure 5 demonstrates 
Judge Moore’s preference for patent cases manifested more slowly over 
time. Given that specialization occurs most frequently in patent cases, it may 
be more difficult for relatively junior judges to have precedential opinions in 
patent cases assigned to them. Alternatively, it may be that Judge Moore’s 
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preferences for patent-law cases grew with her time at the court. That is, as 
Figure 5 demonstrates, Judge Moore’s residual for precedential patent-law 
opinions increases from 2007 to 2013 and then hovers near 2.0 thereafter. 
B. Patent-Technology Analysis 
Given the large number of Federal Circuit judges specializing in patent 
law, we conducted an additional analysis specific to patent technologies. In 
this additional analysis, we limit our database of Federal Circuit cases to 
patent-law opinions only. Figure 9 demonstrates the opinion-writing 
preferences of Federal Circuit judges across eight patent-technology 
categories for all written patent opinions (precedential and nonprecedential 
opinions).157 Specialization in patent technologies is present but occurs less 
frequently than in our broader subject matter analysis. 
 
FIGURE 9: PATENT-TECHNOLOGY SPECIALIZATION, RESIDUAL PLOT FOR ALL  
WRITTEN OPINIONS 
 
 157 Regarding the effects-based hypothesis test, the fitted model has a LR Chi-Square test value of 
248.81 with 49 degrees of freedom. Given this test value, we can reject the null hypothesis at a 
significance level of 0.0001. Put differently, there is a 0.01% risk we are rejecting the null hypothesis 
when there are, in fact, no significant effects between variables. Regarding the goodness-of-fit hypothesis 
test, the fitted model has a Pearson Chi-Square test value of 261.18. Given this test value, we reject the 
null hypothesis at a significance level of 0.0001—i.e., there is significant evidence the model lacks fit. 
This result is not surprising. After all, goodness of fit is affected by outliers, and our study seeks to identify 
outliers in opinion authorship. 
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FIGURE 10: PATENT-TECHNOLOGY SPECIALIZATION, RESIDUAL PLOT FOR  
PRECEDENTIAL OPINIONS 
 
As before, limiting our dataset to just precedential opinions enables a 
more nuanced analysis. Because precedential patent-law opinions are likely 
to be the most important and influential in the development of substantive 
patent law, it is helpful to know which judges are specializing in writing 
these precedential opinions. We therefore repeat the analysis associated with 
Figure 9 but with only precedential patent-law opinions. Figure 10 
graphically demonstrates these results.158 
Figure 10 demonstrates that Judge Lourie, who specializes in patent 
cases, is the lone jurist who subspecializes in drugs and medical patents. 
Likewise, Judge Reyna subspecializes in computer and communications 
patents. Notably, we give less weight to the “Other” category, which includes 
a hodgepodge of technology groups, including agriculture, apparel and 
textiles, pipes and joints, and receptacles, among other things. Similarly, it 
is difficult to interpret the meaning of specialization in the “Multiple 
Groups” category, which includes multi-technology cases. While Judge 
Reyna’s specialization is surprising given his relative lack of patent-law 
experience prior to his appointment, Judge Lourie’s is not. Judge Lourie 
 
 158 Regarding the effects-based hypothesis test, the fitted model has a LR Chi-Square test value of 
194.88 with 42 degrees of freedom. Given this test value, we can reject the null hypothesis at a 
significance level of 0.0001. Put differently, there is a 0.01% risk we are rejecting the null hypothesis 
when there are, in fact, no significant effects between variables. Regarding the goodness-of-fit hypothesis 
test, the fitted model has a Pearson Chi-Square test value of 225.30. Given this test value, we reject the 
null hypothesis at a significance level of 0.0021—there is significant evidence the model lacks fit. This 
goodness-of-fit result is not surprising. After all, goodness of fit is affected by outliers, and our study 
seeks to identify outliers. 
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served as general counsel to a large pharmaceutical company: His interest in 
drugs and medical devices logically follows.159 
Finally, we note that, analogous to our broader analysis, specialization 
in the positive direction in one category is often accompanied by avoidance 
in another. It appears that Judge Lourie prefers writing opinions concerning 
drugs and medical patents at the expense of writing opinions concerning 
computer and communications patents. 
C. Limitations and Caveats 
Like any empirical exercise, our dataset and empirical methodologies 
include several assumptions and limitations that affect the interpretation of 
our results. One limitation is that we utilize opinion writing as a proxy for 
specialization. While a reasonable choice, opinion writing does not capture 
the influence that nonwriting judges may have upon the ultimate opinion. 
These nonwriting influences may materialize during conference or the 
writing process itself, when draft opinions are frequently circulated not only 
among the judges on the panel but also the full court if a precedential opinion 
is involved.160 
Second, opinion specialization is limited to relatively coarse 
classifications. Although we do divide patent cases into more fine-grained 
categories, further analysis of other subject matters could be helpful. It may 
be that certain judges specialize not in a technology field but in a specific 
doctrine, such as patentable subject matter, novelty, or procedural issues, 
such as declaratory-judgment standing. Alternatively, it is possible that 
judges specialize in trans-substantive doctrines, such as administrative law, 
that intersect across many of the broader subject matter categories in our 
study. Our metrics are unable to capture these conceivable, but more 
nuanced, specialization trends. 
Although our study implicitly assumes that a substantial portion of 
opinion assignment is driven by expertise, there is considerable political 
science literature arguing that strategic considerations loom large in opinion 
assignments. In particular, scholars of the Supreme Court note that opinion 
assignments may be chosen to ensure a majority 161  or align ideological 
 
 159 See supra note 141. 
 160 The Federal Circuit, for example, circulates every precedential opinion to the full court for ten 
days wherein nonpanel members can review and send comments regarding the opinion. U.S. CT. OF 
APPEALS FOR THE FED. CIRCUIT, supra note 91, at 25. 
 161 WALTER F. MURPHY, ELEMENTS OF JUDICIAL STRATEGY 84 (1964); Maltzman & Wahlbeck, 
supra note 87, at 422. 
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preferences.162 While notable at the Supreme Court level, these drivers are 
likely far less salient at courts of appeals and, in particular, the Federal 
Circuit. Courts of appeals feature three-member panels, changing 
compositions of panels, and more dispersed assigning authority, all of which 
minimize the role of strategic considerations in opinion assignments. 163 
Moreover, unlike the Supreme Court, the Federal Circuit’s docket is devoid 
of the most ideologically charged subject matters.164 
Finally, our primary metric for specialization—writing opportunities—
depends on majority appearances and neglects dissenters. As noted above, if 
a judge dissents, then she does not have an opportunity to write the majority 
opinion and thus is excluded from the observation. Hence, a frequently 
dissenting judge may have a preference for writing opinions in a subject 
matter that our analysis will not detect. But given the relative rarity of 
dissents at the Federal Circuit, this should not be too much of a concern.165 
V. OPINION SPECIALIZATION AT WORK: SOLUTIONS AND IMPLICATIONS 
The empirical results suggest that a significant number of Federal 
Circuit judges informally specialize by writing (or avoiding writing) a 
disproportionate number of opinions in certain subjects. Part I of this Article 
explored the normative desirability of opinion specialization, arguing that 
judicial specialization is likely a development to embrace in generalist courts 
and a development that raises significant concerns in specialized courts. This 
Part demonstrates the feasibility of our theoretical contribution by arguing 
that opinion specialization at the Federal Circuit could have caused doctrinal 
developments at the court that appear to reflect the idiosyncratic preferences 
of a single judge. It concludes by examining solutions that might decrease 
 
 162 SEGAL & SPAETH, supra note 89, at 378–80 (arguing the primary reason for specialization is to 
align policy preferences). 
 163 There is some empirical evidence to support this contention. Farhang et al., supra note 18, at 
S78–S79 (finding no support that judges are more likely to assign sexual-harassment cases to 
ideologically proximate colleagues). 
 164 For example, the Federal Circuit does not hear cases on discrimination, the environment, or labor 
law, all of which are typically thought to be ideologically fraught. See supra text accompanying note 7. 
 165 Christopher A. Cotropia, Determining Uniformity Within the Federal Circuit by Measuring 
Dissent and En Banc Review, 43 LOY. L.A. L. REV. 801, 815 (2010) (noting that only 3.51% of Federal 
Circuit opinions have a dissent). But see Jason Rantanen & Lee Petherbridge, Disuniformity, 66 FLA. L. 
REV. 2007, 2019–25 (2014) (finding the rate that judges dissent on the Federal Circuit is on the rise). 
Nevertheless, Judge Newman has been known to be a frequent dissenter, especially in patent cases, and 
scholars have argued her dissents have played an important role in the development of patent law. See, 
e.g., Daryl Lim, I Dissent: The Federal Circuit’s “Great Dissenter,” Her Influence on the Patent 
Dialogue, and Why It Matters, 19 VAND. J. ENT. & TECH. L. 873, 879 (2017) (“The data confirms that 
Judge Newman is the Federal Circuit’s most prolific dissenter and that her dissents resonate with the 
Supreme Court, her colleagues, and academic commentators more than those of any other Federal Circuit 
judge.” (footnote omitted)). 
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opinion specialization in specialized courts, as well as the implications of 
our findings to the broader judiciary. 
A. Opinion Specialization at Work 
This Section provides a proof of concept of our key theoretical 
insight—that opinion specialization may be normatively undesirable in 
specialized courts. Importantly, this Section does not claim to provide 
definitive proof that opinion specialization at the Federal Circuit leads to 
doctrine that reflects the idiosyncratic preferences of a few judges. Instead, 
by proof of concept, we mean the feasibility that opinion specialization could 
lead to doctrine that reflects the idiosyncratic preferences of a few judges. In 
other words, this Section demonstrates the feasibility that opinion 
specialization at the Federal Circuit may have led to doctrinal developments 
that reflect the idiosyncratic preferences of a single judge. In doing so, we 
draw from existing critiques of the Federal Circuit’s jurisprudence with 
respect to biotechnology-based inventions. Commentators argue that the 
Federal Circuit’s application of a chemistry-centric view, including the 
structural-similarity concept, to the patentability of deoxyribonucleic acid-
based (DNA-based) inventions is “fundamentally misconceived.”166 More 
specifically, commentators criticize a handful of decisions concerning the 
Federal Circuit’s application of nonobviousness, written description, and 
patentable subject matter to DNA-based inventions.167 Judge Lourie, who has 
a Ph.D. in chemistry and specializes in writing drug-patent and medical-
patent opinions, authored these decisions.168 This Section suggests that these 
decisions, some of which have been overruled by the Supreme Court, may 
be the result of opinion specialization at the Federal Circuit. 
 
 166  Arti K. Rai, Intellectual Property Rights in Biotechnology: Addressing New Technology, 
34 WAKE FOREST L. REV. 827, 835 (1999); see also Anita Varma & David Abraham, DNA Is Different: 
Legal Obviousness and the Balance Between Biotech Inventors and the Market, 9 HARV. J.L. & TECH. 
53, 79 (1996) (“The structural similarity doctrine formulated to handle traditional chemical patent 
relationships is not suited to biotechnology patent law.”). 
 167 See infra notes 180, 186 and accompanying text. Obviousness deems an invention unpatentable 
if it represents only a trivial advancement over the current understanding of the field. 35 U.S.C. § 103; 
see also Graham v. John Deere Co., 383 U.S. 1, 17–18 (1966) (articulating the framework to evaluate 
obviousness as considering the scope and content of the prior art, the differences between the prior art 
and the claims at issue, and the level or ordinary skill in the art, as well as determining whether a person 
of ordinary skill in the art would find the differences between the prior art and the claims at issue 
nonobvious).  
 168  Alan D. Lourie, Circuit Judge, U.S. CT. OF APPEALS FOR THE FED. CIR., 
http://www.cafc.uscourts.gov/judges/alan-d-lourie-circuit-judge [https://perma.cc/SCD9-Q7HE] (noting 
that Judge Lourie received a Ph.D. in chemistry from the University of Pennsylvania in 1965). 
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Before diving into the opinions, a brief primer on the concept of 
structural similarity and DNA is helpful. In ordinary chemistry, there are 
good reasons for structural similarity—that is, how chemically similar two 
compounds are to each other—to play a large role in patentability 
determinations. In general, the properties of chemical compounds are 
difficult to predict; however, structurally similar compounds often have 
similar properties. As a result, a chemist who is seeking to find new 
compounds with a specific set of useful properties will often be motivated to 
start with a compound that already possesses those useful properties and then 
modify its structure. 169  It seems reasonable that this copy-and-modify 
approach should not be awarded with a patent, at least in ordinary chemistry. 
The doctrine of nonobviousness does work here. Thus, knowing the 
structural similarity between two compounds is very helpful in determining 
whether a chemist of ordinary skill would find a new compound obvious and 
hence unpatentable. 
The story for DNA is different from that of ordinary chemistry, 
however. Although DNA is a chemical compound, it differs from traditional 
chemical compounds in several important ways.170 Most saliently, DNA is 
fundamentally a carrier of genetic information. DNA stores genetic 
information as a code made up of four nucleotide bases. The order or 
sequences of these bases in a DNA molecule provides a blueprint for 
encoding proteins—three nucleotide bases code for one amino acid, the basic 
building blocks of proteins.171 Proteins regulate almost all of an organism’s 
cellular functions.172 DNA is packaged into thread-like structures known as 
chromosomes, and a gene is a region of DNA whose sequence encodes a 
specific protein.173 
The informational link between DNA and amino acids has long been 
understood; researchers who know the partial or complete amino-acid-
 
 169  E.g., In re Dillon, 919 F.2d 688, 693 (Fed. Cir. 1990) (holding that a prima facie case of 
obviousness does not require both structural similarity and a suggestion in or expectation from the prior 
art that the claimed compound will have the same or similar usefulness as the applicant’s newly 
discovered compound). 
 170 See Amgen, Inc. v. Chugai Pharm. Co., 927 F.2d 1200, 1206 (Fed. Cir. 1991) (“A gene is a 
chemical compound, albeit a complex one . . . .”). Judge Lourie also authored the Amgen decision. 
 171 DNA is made up of strands of repeating units called nucleotides. Each nucleotide consists of a 
five-carbon sugar, a base which may be adenine (A), guanine (G), thymine (T), or cytosine (C), and a 
phosphate. For background information on DNA and proteins, see BRUCE ALBERTS, ALEXANDER 
JOHNSON, JULIAN LEWIS, DAVID MORGAN, MARTIN RAFF, KEITH ROBERTS, PETER WALTER, JOHN 
WILSON & TIM HUNT, MOLECULAR BIOLOGY OF THE CELL 1–41 (6th ed. 2014).  
 172 Proteins are large polymers of linearly linked amino acids bound together by peptide bonds. Id. 
at 4–5. 
 173 Id. at 7. 
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sequence information for a particular protein can use that sequence 
information to determine the DNA sequence.174 The relationship between 
DNA and its protein is not structural, per se. That is, a scientist can determine 
a DNA sequence once she knows the structure of a protein that it encodes. 
In other words, there is no need for the amino-acid sequence to be 
structurally similar to the DNA sequence (in fact, it almost never is). With 
this background information in mind, the rest of this Section argues that 
opinion specialization may have led to the highly criticized doctrinal 
developments associated with DNA-based technologies. 
In re Deuel175 and In re Bell,176 both authored by Judge Lourie, took a 
chemistry-centric approach to the application of the nonobviousness doctrine 
to DNA-based inventions.177 These two decisions held that a DNA sequence 
is obvious only if the prior available technology (known as prior art) recites 
a similar or identical sequence.178  In both cases, the prior art taught the 
protein’s amino-acid sequence and the methods to isolate the DNA sequence 
once the amino-acid sequence was known. Despite this prior art, the Federal 
Circuit applied the structural-similarity test and held that the DNA sequences 
were not obvious.179 Bell and Deuel have been criticized for dramatically 
lowering the obviousness bar for DNA sequences. Specifically, critics argue 
that Bell and Deuel ignored the realities of biotechnology research and 
allowed the proliferation of patents on DNA fragments that were relatively 
easy to isolate through routine, automated methods.180 
 
 174  See, e.g., Notice of Public Hearings and Request for Comments on Patent Protection for 
Biotechnological Inventions, 59 Fed. Reg. 45,267, 45,269 (Sept. 1, 1994) (describing the approach and 
noting that it has been used since the early 1980s). 
 175 51 F.3d 1552 (Fed. Cir. 1995). 
 176 991 F.2d 781 (Fed. Cir. 1993). 
 177  See Deuel, 51 F.3d at 1557–58 (“Because Deuel claims new chemical entities in structural 
terms. . . . a prima facie case of obviousness is based upon structural similarity, i.e., an established 
structural relationship between a prior art compound and the claimed compound.”); Bell, 991 F.2d at 784 
(holding that gene is not necessarily obvious when the amino-acid sequence of the protein that encodes 
for the gene is known).  
 178 Deuel, 51 F.3d at 1558; Bell, 991 F.2d at 784. 
 179 Deuel, 51 F.3d at 1558, 1560; Bell, 991 F.2d at 784. 
 180 See, e.g., Rai, supra note 166, at 833 (“In considering DNA-based inventions, the [Federal 
Circuit] has employed nonobviousness in a manner that dramatically lowers the bar for patentability and, 
therefore, significantly impoverishes the public domain.”); Varma & Abraham, supra note 166, at 55–56 
(“In one particular area, that of the obviousness of the relationship between DNA and proteins, the Federal 
Circuit’s guidance has upset the delicate balance between patentees and the market, and threatens the 
development of DNA-based technology.”); Eliot Marshall, Patent Office Faces 90-Year Backlog, 
272 SCIENCE 643, 643 (1996) (noting that the biotechnology company Incyte claims to have filed 
applications on over 400,000 DNA sequences, and that it would take the Patent Office a century to process 
these applications); PHILIPPE G. DUCOR, PATENTING THE RECOMBINANT PRODUCTS OF BIOTECHNOLOGY 
AND OTHER MOLECULES 87–89 (1998) (arguing that the court in In re Deuel “stretches the notion of non 
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Regents of the University of California v. Eli Lilly & Co.181 is another 
highly criticized decision authored by Judge Lourie. Eli Lilly, like Bell and 
Deuel, prioritized the disclosure of the molecular structure of DNA over 
methods for isolating such DNA molecules. In Eli Lilly, the court invalidated 
the University’s patent claim for a human insulin-encoding DNA sequence 
for lack of written description.182 The written-description doctrine requires 
patentees to demonstrate possession of an invention at the time the patent 
application is filed.183 In its patent application, the University disclosed the 
amino-acid sequence that encoded the insulin protein and a method for 
isolating the human DNA molecule once the protein structure was known.184 
According to the court, this fell short of the doctrine’s requirement because 
the University needed to disclose the precise sequence of the human DNA 
molecule to satisfy the written-description requirement.185 Scholars argue 
that Eli Lilly improperly transformed written description into a super-
enablement requirement, blurring the distinction between the two 
doctrines.186 
Finally, in Association for Molecular Pathology v. Myriad Genetics,187 
the Federal Circuit addressed the patent eligibility of isolated DNA 
molecules that are separated from the rest of the chromosome. The central 
question in Myriad was whether isolated DNA molecules were products of 
nature, and hence unpatentable.188 Each judge of the three-member panel had 
 
obviousness to its breaking point” by deeming inventions that are “‘obvious to try’, and made with a 
‘reasonable expectation of success’” patentable). 
 181 119 F.3d 1559 (Fed. Cir. 1997). 
 182 Id. at 1562. 
 183 Id. at 1566. 
 184 Id. at 1567. 
 185 Id. (holding that because “[n]o sequence information indicating which nucleotides constitute 
human cDNA appears in the patent, . . . the specification does not provide a written description of the 
invention”). 
 186 See, e.g., Rai, supra note 166, at 835 (“In essence, the Lilly court used the written description 
requirement as a type of elevated enablement requirement.”); Janice M. Mueller, The Evolving 
Application of the Written Description Requirement to Biotechnological Inventions, 13 BERKELEY TECH. 
L.J. 615, 638–39 (1998) (“In fashioning a newly-elevated written description requirement in the absence 
of any challenge to enablement, the Lilly court failed to maintain a workable, predictable dividing line 
between the two requirements.”). 
 187 653 F.3d 1329 (Fed. Cir. 2011), aff’d in part, rev’d in part, 569 U.S. 576 (2013). 
 188 Ass’n for Molecular Pathology v. Myriad Genetics, Inc., 569 U.S. 576, 580 (2013). Myriad also 
involved the patentability of complementary DNA (cDNA). cDNA is a synthetically created DNA that 
contains the “same protein-coding information found in a segment of natural DNA but omits portions 
within the DNA segment that do not code for proteins.” Id. Both the Federal Circuit and the Supreme 
Court found cDNA to be patent eligible. Id. 
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a different view.189 Judges Lourie and Moore agreed that Myriad’s claims to 
isolated DNA molecules were patentable but disagreed, in part, on the 
rationale.190 To determine whether isolated DNA molecules were products of 
nature, all three judges compared the DNA molecule to what was found in 
the human body. Judge Lourie, however, applied a very strict version of the 
structural-similarity test.191 In particular, he relied on the fact that the entire 
DNA molecule was held together by chemical bonds and that the isolation 
process involved severing covalent bonds at both ends of the DNA segment 
from the rest of the individual’s genome.192 Thus, the process technically 
formed a molecule containing very minor variations from what occurred 
naturally, meaning the isolated DNA molecules were patent eligible.193 The 
Supreme Court disagreed, holding isolated DNA molecules unpatentable.194 
In reversing the Federal Circuit, the Supreme Court rejected Judge Lourie’s 
rigid, chemistry-based approach and instead considered DNA’s 
informational nature.195 
In all four cases, Judge Lourie authored the seminal Federal Circuit 
opinions and treated DNA-based technology as simply a subset of chemical 
technology. These opinions placed significant emphasis on the structural 
similarity of DNA molecules to the prior art at the expense of methods for 
isolating DNA molecules or the information content of DNA molecules. As 
noted above, these Federal Circuit opinions have been heavily criticized by 
commentators, and several of these opinions have been overruled by the 
Supreme Court outright or, after a significant time delay, interpreted by the 
Federal Circuit as having been overruled.196 Some scholars suggest these 
 
 189 Ass’n for Molecular Pathology v. Myriad Genetics, Inc., 653 F.3d 1329, 1353 (Fed. Cir. 2011) 
(“The claimed isolated DNA molecules are distinct from their natural existence as portions of larger 
entities, and their informational content is irrelevant to that fact.”); id. at 1367 (Moore, J., concurring in 
part) (factoring reliance interests as well as chemical differences); id. at 1376 (Bryson, J., concurring in 
part and dissenting in part) (concluding that isolated DNA molecules are not patent eligible and arguing 
that “it would seem to make more sense to look to genetics, which provides the language of the claims, 
than to chemistry”). 
 190 Id. at 1358. 
 191 See id. at 1351–54. 
 192 Id. at 1351 (“Isolated DNA . . . is a free-standing portion of a native DNA molecule . . . . Isolated 
DNA has been cleaved (i.e., had covalent bonds in its backbone chemically severed) or synthesized to 
consist of just a fraction of a naturally occurring DNA molecule.”). 
 193 Id. 
 194 Ass’n for Molecular Pathology v. Myriad Genetics, Inc., 569 U.S. 576, 596 (2013). 
 195 Id. at 593 (“Myriad’s claims are simply not expressed in terms of chemical composition, nor do 
they rely in any way on the chemical changes that result from the isolation of a particular section of DNA. 
Instead, the claims understandably focus on the genetic information encoded in the . . . genes.”). 
 196 See, e.g., id. at 596 (reversing the Federal Circuit); In re Kubin, 561 F.3d 1351, 1359 (Fed. Cir. 
2009) (“Insofar as Deuel implies the obviousness inquiry cannot consider that the combination of the 
claim’s constituent elements was ‘obvious to try,’ the Supreme Court in KSR unambiguously discredited 
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erroneous developments—developments improperly applying obviousness, 
written description, and patentable subject matter to DNA-based 
inventions—are a result of the court’s limited ability to adequately address 
new technology.197 
As we have discussed, these highly criticized doctrinal developments 
may have resulted from Judge Lourie’s opinion specialization related to drug 
and medical patents. It is possible that Judge Lourie’s extensive background 
in chemistry informed what commentators have argued was ill-suited for 
biotechnology inventions. It is also possible that other judges at the Federal 
Circuit at times informally deferred to Judge Lourie given his expertise in 
chemistry. Further, given the near-exclusive jurisdiction of the Federal 
Circuit over patent appeals, the lack of sister courts to introduce opposing 
viewpoints arguably limited the percolation and sharpening of ideas. This 
combination of events may have perpetuated a line of doctrine that too 
heavily reflected the idiosyncratic preferences of a single judge. We want to 
emphasize, again, that this Section only demonstrates the feasibility that 
opinion specialization could lead to doctrine that is too heavily influenced 
by a few judges.  
 
that holding.”). Of course, if opinion specialization at the Federal Circuit leads to an unwarranted 
evolution of legal doctrine, the Supreme Court or Congress may attempt to adjust it. The certiorari petition 
process allows the Court to stay abreast of the evolution of legal standards by lower courts while also 
giving the Court the freedom to pick and choose which legal issues it believes are ripe for review. See 
generally Golden, supra note 65, at 657 (arguing that the U.S. Supreme Court should not be the final 
arbiter of the law but should instead serve as a course-corrector to the Federal Circuit). The exclusive 
jurisdiction of the Federal Circuit over certain subject matters, however, limits the ability of the Supreme 
Court to rely on recent circuit splits as a signal of which legal issues are in need of review, hampering its 
ability to recognize when Federal Circuit jurisprudence needs readjustment. Nard & Duffy, supra note 
31, at 1644 (noting that Supreme Court intervention in patent law is difficult to obtain because of the lack 
of recent circuit splits). While the Court appears in part to make up for this deficiency by inviting the 
Department of Justice, through the Solicitor General of the United States, to file a brief analyzing the 
petition, this process is hardly a substitute for intercircuit conflict. David C. Thompson & Melanie F. 
Wachtell, An Empirical Analysis of Supreme Court Certiorari Petition Procedures: The Call for 
Response and the Call for the Views of the Solicitor General, 16 GEO. MASON L. REV. 237, 281 (2009) 
(noting that Supreme Court is more likely to call for the views of the Solicitor General in intellectual-
property cases). Although Congress has stepped in from time to time to correct Federal Circuit 
jurisprudence that has gone astray, relying on Congress to make continued substantive change is 
challenging, especially in today’s charged political environment. See, e.g., Craig Allen Nard, Legal Forms 
and the Common Law of Patents, 90 B.U. L. REV. 51, 52 (2010) (arguing that relying on congressional 
action is challenging given today’s political environment). Regardless of the ability of other institutional 
bodies to correct unwarranted evolution of Federal Circuit jurisprudence, the correction does not typically 
occur instantly. As a result, opinion specialization can impose harms that at a minimum will exist until 
the doctrine is corrected. 
 197 See, e.g., Rai, supra note 166, at 838–39 (“The [Federal Circuit’s] failure to address adequately 
the new technology created by the biotechnology industry raises the obvious question of how such new 
technology should be addressed.”). 
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B. Decreasing Opinion Specialization at the Federal Circuit 
Our principal argument is that the costs of opinion specialization in 
specialized courts likely outweigh the benefits. This Section examines ways 
to decrease further specialization in specialized tribunals.198 
To begin, rather than allocating assignment power to the presiding 
judge—the most senior, active judge in the majority—opinions could be 
randomly assigned to judges on a panel.199 Notably, this approach does not 
require a strictly random assignment of opinions, which would be impossible 
given factors such as case difficulty, judge availability, or even the sensitive 
nature of a case.200  Currently, in all but one circuit, the presiding judge 
assigns opinions if she is in the majority. And in approximately half of these 
circuits, the presiding judge assigns the majority opinion even if she 
dissents.201 
 
 198 Of course, another way to minimize the harm associated with opinion specialization in specialized 
tribunals is to eliminate specialized tribunals. As Part I argued, specialization in generalist courts is likely 
normatively desirable, whereas opinion specialization in specialized courts is not. Eliminating specialized 
tribunals, however, is politically infeasible and unlikely to be normatively desirable. Specialized tribunals 
are associated with a number of benefits, and in certain circumstances those benefits likely outweigh the 
costs associated with such tribunals. 
 199 U.S. CT. OF APPEALS FOR THE FED. CIR., supra note 91, at 18. 
 200 That is, although random assignment would likely balance workload over an entire year, it could 
lead to inequalities for any given time the court is in session. Currently, a number of circuits consider the 
type of cases or complexity of the cases when assigning cases to panels. See, e.g., J. Robert Brown Jr. & 
Allison Herren Lee, Circuit Practices 3–4 & nn.15–16 (Jan. 1, 2000) (unpublished manuscript), 
https://www.law.du.edu/images/uploads/neutral-assignment/Neutral_assignment_links.pdf 
[https://perma.cc/G4Q2-HTLP] (explaining that the D.C. Circuit divides cases into four categories and 
then assigns cases to panels based a number of “case-mix” rules that include “that no more than half of 
each panel’s allotment will be appeals from an agency and that panels receive a mix of each category”). 
 All circuits purport to randomly assign judges to three-member panels; however, there is substantial 
variation in the method utilized for assigning judges and cases to panels from circuit to circuit. Marin K. 
Levy, Panel Assignment in the Federal Courts of Appeals, 103 CORNELL L. REV. 65, 75–78 (2017); 
Brown & Lee, supra, at 1. Recent scholarship has shown that panel assignment is not strictly random but 
accounts for several factors, such as accommodating judges’ schedules and returning cases upon remand 
to their original panel. Levy, supra, at 83–92. 
 Circuits appear to value random assignment of judges and cases to panels to ensure judges hear a 
broad spectrum of cases, to equalize workload, and, perhaps most saliently, to minimize the risk that the 
assignment process could be manipulated to increase the chance of selecting judges likely to hold a 
particular view. Id. at 96–97. Notably, these values do not appear too salient in opinion assignment—i.e., 
judges have already voted before opinions are assigned, minimizing any manipulation of outcomes—and 
as a result circuits do not insist on random opinion assignment, but have instead given the presiding judge 
significant latitude in assigning cases. 
 201 Hemel & Rozema, supra note 84, at 8–9 (“In the Fifth, Sixth, Seventh, Eighth, and Ninth Circuits, 
the presiding judge enjoys an especially strong form of the assignment power: she assigns the panel 
opinion regardless of whether she is in the majority or in dissent.”). As a result, while judicial norms prize 
random case and judicial assignment to panels, the opposite has occurred in opinion assignment. 
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If opinions were randomly assigned, would we lose any of the benefits 
associated with vesting assignment powers in the presiding judge? Opinion 
assignment provides opportunities for judges who have a particular interest 
in a case to express that interest and conceivably be assigned to write the 
opinion. It is possible that judges who have an interest in writing an opinion 
will write opinions that are more logically sound and consistent with the 
underlying policy of the legal regime.202 Notably, this limited benefit is likely 
not substantial enough to outweigh the costs of opinion specialization, which 
are outlined in Part I. 
Nevertheless, to the extent random opinion assignment is seen as too 
radical a departure from current norms, there are a host of modified 
approaches courts might adopt. For instance, instead of the highest-ranking 
member in the majority having assignment power, assignment power could 
be randomly assigned to one judge in the three-member panel. This approach 
could moderate opinion specialization, especially in cases concerning 
popular subject matters. Although not conclusive, Figures 3 and 4 provide 
some evidence that judges preferring or avoiding patent-law opinions tend 
to be more senior—suggesting patent law may be particularly sought after or 
avoided. Thus, by randomly allocating assignment power, junior judges with 
an interest in patent law may have more opportunities to write patent-law 
opinions, diminishing specialization in the field. However, this approach 
may do little to combat opinion specialization in subject matters that are less 
sought after—those subject matters where specialization occurs even though 
judges are relatively junior, such as international trade. 
Alternatively, courts might adopt a softer approach, such as publishing 
a list of specialized judges. This list might include outliers in both 
directions—judges who show preferences for or avoidance of certain subject 
matters—similar to what we produced in this Article. Although federal 
judges have life tenure and fixed salaries, 203  recent empirical evidence 
suggests that a mere reporting requirement could influence their behavior. 
More specifically, Professors Miguel de Figueiredo, Alexandra Lahav, and 
Peter Siegelman found that the legally mandated “Six Month List” had 
 
 202 Judges themselves likely garner some internal utility by having some input into their opinion 
assignments. However, we should likely not give this significant weight unless we believe it is difficult 
to attract qualified candidates to judgeships. 
 203 See N. Pipeline Constr. Co. v. Marathon Pipe Line Co., 458 U.S. 50, 59 (1982) (plurality opinion) 
(citing United States ex rel. Toth v. Quarles, 350 U.S. 11, 16 (1955)) (“The ‘good Behaviour’ Clause 
guarantees that Art. III judges shall enjoy life tenure, subject only to removal by impeachment.”); 
Saikrishna Prakash & Steven D. Smith, How to Remove a Federal Judge, 116 YALE L.J. 72, 128 (2006) 
(“Because the Constitution contains restraints as to judicial salary and tenure, whatever Congress enacts 
must not run afoul of those restrictions. Hence Congress cannot reduce a judge’s salary.”). 
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substantial consequences on judicial decision-making.204 The Six Month List 
is published twice a year and contains every judge’s backlog of cases older 
than three years and motions pending for more than six months.205 It may be 
that a similar publication for opinion specialization might diminish opinion 
specialization in specialized courts. 
To effectively address the full range of opinion specialization, 
assignment power could be allocated to the chief judge. In turn, the chief 
judge could receive author recommendations from the presiding judge of 
each panel on which the chief judge did not sit. This approach would give 
the chief judge the opportunity to reassign cases if it appears that certain 
judges are specializing in certain subject matters, while still hewing to the 
norms of the judiciary. Further, this approach has some support in current 
practice. The Fourth Circuit’s internal operating procedures suggest that 
“[o]pinion assignments are made by the Chief Judge on the basis of 
recommendations from the presiding judge of each panel on which the Chief 
Judge did not sit.”206 Specialized courts could follow the Fourth Circuit’s 
lead and adopt a more top-down approach to opinion assignment. This might 
enable the chief judge to better police opinion specialization at the court. 
Finally, we note that our proposals to diminish opinion specialization 
are modest. They do not require major restructuring of the federal courts or 
congressional action, as jurisdiction-modifying remedies to decrease judicial 
specialization often do. 207  As a result, our proposals may be a far more 
realistic pathway forward to remove specialization from the courts than 
arguably more sophisticated proposals to infuse generalist inputs into 
specialized tribunals. 208  While opinion writing may be less effective at 
reducing specialization compared to a more radical overhaul of these courts, 
 
 204  See Miguel de Figueiredo, Alexandra D. Lahav & Peter Siegelman, Against Judicial 
Accountability: Evidence from the Six Month List 46, 64 (Feb. 20, 2018) (unpublished manuscript), 
https://papers.ssrn.com/aabstract_id=2989777 [https://perma.cc/BU6N-MWK3] (finding that the Six 
Month List may actually lead to more errors and concluding that the List is likely normatively 
undesirable). 
 205 Id. at 8–9. 
 206 U.S. CT. OF APPEALS FOR THE FOURTH CIR., LOCAL RULES OF THE FOURTH CIRCUIT: INTERNAL 
OPERATING PROCEDURES 30 (2019), http://www.ca4.uscourts.gov/docs/rules/LocalRules.pdf 
[https://perma.cc/PE7U-2HDZ]. However, one author suggests that “anecdotally, the prerogative of the 
chief judge is rarely if ever exercised.” Cheng, supra note 5, at 530 n.53. In the other twelve circuits, the 
presiding judge assigns the panel opinion, and in some courts, it does not matter whether the presiding 
judge is in the majority or the dissent. Nash, supra note 18, at 1625 & n.86.  
 207  See supra notes 101–106 (highlighting other scholars’ suggestions for patent-specialization 
reform). 
 208 See id. 
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our proposal is a first good step, given the likelihood that sweeping changes 
to specialized courts is likely politically infeasible. 
C. Implications for the Broader Judiciary 
This Article argues opinion specialization in specialized tribunals 
should be viewed with deep skepticism. This Section examines the 
implications of this theoretical insight for the broader judiciary. Part I argued 
that specialization is not binary but lies along a continuum. As a result, many 
courts may not be formally specialized—i.e., have limited or exclusive 
jurisdiction—but nevertheless are specialized in an informal nature. A court 
is informally specialized when it hears a disproportionate number of cases 
on a subject matter. One such example is the Second Circuit, which 
informally specializes in securities law because it handles more securities 
cases than the other federal courts of appeals. 209  More specifically, the 
Second Circuit hears more than one-fourth of all federal appeals in securities 
cases.210 Another example of an informally specialized circuit court is the 
Sixth Circuit, which hears more than half of federal Fair Labor Standards 
Act cases.211 Equally striking is the informal specialization that occurs with 
respect to Board of Immigration Appeals (BIA). The Ninth Circuit handles 
close to 60% of BIA appeals.212 Moreover, BIA cases are so prevalent that 
they constitute more than a quarter of the Ninth Circuit’s docket.213 
Although admittedly not to the same extent, opinion specialization in 
informally specialized courts can give rise to similar concerns implicated 
with specialized tribunals. Consider again the Ninth Circuit’s informal 
specialization with respect to immigration law. While the Ninth Circuit does 
not have a monopoly over BIA appeals and hears a broad range of cases, the 
fact that a quarter of its docket comprises BIA appeals makes the Ninth 
Circuit more similar to a formally specialized tribunal than one may initially 
think. To the extent judges on the Ninth Circuit specialize in writing opinions 
on immigration law, concerns regarding myopia and tunnel vision could 
arise, increasing the likelihood that immigration law could become divorced 
from the broader legal corpus, lack a robust percolation and sharpening of 
ideas, and reflect the idiosyncratic preferences of a few judges. 
 
 209  U.S. CTS., FEDERAL JUDICIAL CASELOAD STATISTICS tbl.B-7 (2018), 
https://www.uscourts.gov/statistics/table/b-7/federal-judicial-caseload-statistics/2018/03/31 
[https://perma.cc/8YN2-APAR]. 
 210 Id. 
 211 Id. 
 212  OFF. OF THE CIR. EXEC., UNITED STATES COURTS FOR THE NINTH CIRCUIT: 2018 ANNUAL 
REPORT 46 (2018).  
 213 Id. 
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CONCLUSION 
This Article contributes to the theoretical discussion of opinion 
specialization by arguing that the desirability of the practice depends upon 
whether the court itself is specialized. More specifically, the Article contends 
that opinion specialization in specialized tribunals is a practice that should 
be viewed with deep skepticism. Utilizing the Federal Circuit as a case study, 
this Article documents informal opinion specialization at a formally 
specialized court. We find opinion specialization is a robust practice at the 
Federal Circuit. Finally, this Article concludes with modest proposals to 
decrease opinion specialization at the Federal Circuit as well as an 
exploration of the implications of our findings for the broader judiciary. 
APPENDIX: DATA AND METHODOLOGY AND FULL RESULTS 
This Appendix supplements our Article in two ways. First, this 
Appendix provides a more detailed account of our empirical methods and 
our dataset, including a thorough outline of our accuracy tests. Second, it 
presents the full results from our empirical analyses. Like our Article, this 
Appendix presents the residual plots from our logistic-regression analyses in 
both the subject matter study and the patent-technology study. Beyond our 
Article, this Appendix presents the full tabular results for the regression 
analyses, the year-over-year residual plots for all Federal Circuit judges in 
the subject matter study, and the supplemental empirical analyses for both 
studies. The supplemental analyses leverage John Tukey’s median polish, an 
exploratory statistical technique that is robust to outliers. 
I. DATA AND METHODOLOGY 
A. Data Overview 
As a final measure, we performed accuracy checks on random subsets 
of our data at a confidence interval of 95%. These checks confirm the 
reliability of our dataset. For our subject matter analysis, the error rate for 
judge information lies between 1.5% ± 0.375%, while the error rate for the 
subject matter attribute lies between 0.5% ± 0.218%. For our patent-
technology analysis, the error rate for judge information lies between 
0.667% ± 0.351%, while the error rate for the patent-technology attribute lies 
between 1.333% ± 0.494%. 
We perform our accuracy checks in the following manner. As a 
preliminary step, we calculate a minimum required sample size and select a 
sample size larger than that requirement. We calculate the minimum sample 
size (s) according to the following equation: 
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In the above equation, δ represents the anticipated error rate, B 
represents the acceptable error on our anticipated rate, and z represents the 
z-statistic. Both B and z are dependent upon the selected confidence interval. 
For our 95% confidence interval, B equals 0.05, and z equals 1.96. 
After selecting an appropriate sample size, we manually inspect the 
selected samples and count the number of errors. Next, we divide the number 
of errors by the sample size, yielding a perceived error rate. This perceived 
error rate is more formally known as the sample proportion, p. 
We finalize our accuracy checks by appending a plus–minus error 
margin to the sample proportion. We calculate the error margin (∆) according 
to the following equation: 
∆ = z  
p (1 – p)
n
 
In the above equation, z is the same z-statistic as with the minimum 
sample size (1.96), p is our sample proportion, and n is the total number of 
samples in our analysis. 
Finally, we calculate our error rate—including a plus–minus error 
margin—using the following formula: 
Error rate = p ± Δ 
Concerning our subject matter analysis, we calculate error rates from 
two different angles: first, the judge information; second, the subject matter 
attribute. The error rate for judge information lies between 1.5% ± 0.375%, 
while the error rate for the subject matter attribute lies between 
0.5% ± 0.218%. 
With respect to judge information in the subject matter analysis, our 
anticipated error rate (δ) was 0.05 or 5%. As always, z equals 1.96, and B 
equals 0.05. Accordingly, the minimum required sample size for the judge-
information check is 73. We select a more conservative sample size of 200. 
When inspecting the judge information in our 200 samples, we 
considered errors of the following types: 
 Whether a decision was an opinion as opposed to an order or a 
Rule 36 judgment; 
 Whether a primary opinion is a unanimous opinion or merely a 
majority opinion; 
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 Whether the opinion writers are correctly classified—who 
wrote the unanimous, majority, and secondary opinions; 
 Whether a secondary opinion is a concurring or dissenting 
opinion; 
 Whether an opinion is issued per curiam; 
 Whether an opinion is issued en banc; 
 Whether the judges on a panel (or the judges sitting en banc) 
are identified correctly; and 
 Whether an opinion is precedential or nonprecedential. 
We counted three judge-information errors out of our 200 samples, 
yielding an error rate of 1.5%. The total number of samples in our subject 
matter analysis is 4,029. Thus, our error rate for judge information in the 
subject matter analysis is 1.5% ± 0.375%. 
With respect to the subject matter attribute in the subject matter 
analysis, our anticipated error rate (δ) is 0.025 or 2.5%. Accordingly, the 
minimum required sample size for the subject matter-attribute check is 38. 
We selected a more conservative sample size of 200. 
When inspecting the subject matter attributes in our 200 samples, we 
consider whether an opinion is correctly classified in terms of our thirteen 
subject matter categories.214 Further, we consider whether a case’s tribunal 
of origin (i.e., the lower court) is correctly labeled. The tribunal-of-origin 
attribute affects our automated analyses because certain tribunals of origin 
feature cases of a single type (e.g., the Civilian Board of Contract Appeals 
features only contract cases). Thus, the tribunal-of-origin attribute is an 
appropriate attribute to consider when looking for errors. 
Out of our 200 samples, we counted one error regarding the subject 
matter attributes. This yields an error rate of 0.5%. The total number of 
samples in our subject matter analysis is 4,029. Thus, our error rate for the 
subject matter attribute is 0.5% ± 0.218%. 
Concerning our patent-technology analysis, we also calculate error 
rates from two different angles: first, the judge information; second, the 
patent-technology attribute. The error rate for judge information lies between 
0.667% ± 0.351%, while the error rate for the patent-technology attribute lies 
between 1.333% ± 0.494%. 
With respect to judge information in the patent-technology analysis, our 
anticipated error rate (δ) is 0.025 or 2.5%. As always, z equals 1.96, and B 
equals 0.05. Accordingly, the minimum required sample size for the judge-
information check is 38. We select a more conservative sample size of 150. 
 
 214 See infra Appendix Section II.A. 
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When inspecting the judge information of our 150 samples, we consider the 
same judge-information errors as with our subject matter analysis. 
We counted one judge-information error out of our 150 samples, 
yielding an error rate of 0.0067 or 0.667%. The total number of samples in 
our patent-technology analysis is 2,070. Thus, our error rate for judge 
information in the subject matter analysis is 0.667% ± 0.351%. 
With respect to the patent-technology attribute, our anticipated error 
rate (δ) is 0.025 or 2.5%. Accordingly, the minimum required sample size 
for the subject matter-attribute check is 38. We select a more conservative 
sample size of 150. 
When inspecting the patent-technology attributes of our 150 samples, 
we consider four types of errors. First, we consider whether an opinion cites 
a patent number in the first instance. Second, we consider whether the patent 
number in our dataset matches the patent number cited in the opinion. Third, 
if more than one patent is cited, we consider whether these patent numbers 
are correctly recorded in our dataset. Fourth, we consider whether the cited 
patents are classified into the appropriate patent-technology categories.215 
Out of our 150 samples, we counted two errors regarding the patent-
technology attributes. This yields an error rate of 1.333%. The total number 
of samples in our patent-technology analysis is 2,070. Thus, our error rate 
for the patent-technology attribute is 1.333% ± 0.494%. 
B. Methodology 
1. Logistical Regression and Pearson Standardized Residuals 
As with many other statistical methods, logistic regression seeks to 
model the relationship between a purported dependent variable (an outcome 
variable) and independent variables (predictor variables). 216  Logistic 
regression is preferred over linear regression when the outcome variable is 
binary. 217  We utilize logistic regression because our outcome variable is 
binary authorship: A judge either writes (binary 1) or does not write (binary 
0) a majority opinion. Our predictor variables are the judge name and either 
the subject matter attribute or the patent-technology attribute, depending on 
the analysis. Together, a single outcome and its predictors constitute an 
“observation,” which serves as input to logistic regression. 
Before running the logistic regression, we transform our raw dataset 
into formal observations. This involves inspecting the judge attributes for 
 
 215 See infra Appendix Section II.B. 
 216 HOSMER & LEMESHOW, supra note 119, at 1. 
 217 Id. 
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each case entry and sorting the participating judges into one of two groups: 
judges with a writing opportunity and judges without one. For each judge 
with a writing opportunity, we create a formal observation that includes the 
judge’s name, the subject matter/patent-technology attribute for the case, and 
the binary authorship variable. The authorship variable is set to 1 for the 
judge writing the majority opinion, 0 otherwise. To be clear, observations 
are not created for judges who do not join the majority. This accounts for the 
ever-important writing opportunities, as discussed in Section II.A of this 
Appendix. To parrot terminology from that Section, one could examine the 
full list of observations and count the majority appearances of a certain 
judge. These appearances were a judge’s “set” of writing opportunities. 
Ultimately, logistic regression produces a model that can predict the 
probability of a given observation.218 The model could predict the probability 
that Judge C would have written the majority opinion in a case involving 
electrical patents.219 The model could also predict the probability that Judge 
E would have written the majority opinion in a contracts case.220 Consider 
the subject matter analysis for all opinions (both precedential and 
nonprecedential). For this analysis, the regression model is capable of 793 
predictions. This number represents all possible pairwise combinations for 
the predictor values in the analysis. There are 61 active judges and 13 subject 
matter categories (61 • 13 = 793 predictive combinations).221 
Because our predictors are categorical variables, each predictor value is 
represented by a dummy variable in the regression analysis.222 This means 
there is a dimension for each predictor value in the regression model—i.e., 
Judge C and Judge E would represent two different dimensions. Likewise, 
contracts and tax subject matter categories represent two different 
dimensions. As an example, there are fifty total dimensions for the all-
opinions, patent-technology analysis. 
 
 218  See What Is Logistic Regression?, STAT. SOLS., https://www.statisticssolutions.com/ 
what-is-logistic-regression/ [https://perma.cc/HE43-RE4K] (providing examples of types of scenarios 
where logistic regression can be used to predict the probability of certain observations). 
 219 Cf. JOSEPH M. HILBE, PRACTICAL GUIDE TO LOGISTIC REGRESSION 39 (2015) (predicting a 
patient’s probability of death—the outcome variable—given the duration of that patient’s hospital stay—
the predictor). 
 220 Cf. id. 
 221 An “active” judge simply means a judge who has authored one or more majority opinions in at 
least one category. 
 222 See HILBE, supra note 219, at 39 (“[C]ategorical predictors are nearly always factored into 
separate indicator or dummy variables. Each indicator variable has a value of 1 or 0 except for the 
reference level . . . .”).  
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To produce a final model, logistic regression generates coefficients for 
each dimension and an additional coefficient for the outcome variable’s 
intercept.223 Logistic regression sets the coefficients to maximize the model’s 
“fit” to the input observations (the “observed” data). 224  With logistic 
regression, we fit a logistic curve, instead of a linear function, to the observed 
data.225 Maximal fit is achieved by iteratively maximizing the log-likelihood 
of the logistic model.226 This means logistic regression is finding coefficients 
that yield the maximum probability of the model accurately predicting the 
observed data.227 Note that maximizing the likelihood is not equivalent to 
minimizing error. 228  The latter involves minimizing discrete distances 
between the model’s curve or line and the observed data points, while the 
former involves maximizing the probability that the model will generate the 
correct outcome relative to the observed data.229 
There are two key hypothesis tests for our final regression model. The 
first test is whether the model reveals the predictors have a statistically 
significant effect on the outcome—whether there is truly a relationship 
between the predictors and the outcome.230 For this effects-based test, the 
null hypothesis is that the judge and subject matter/patent-technology  
information do not affect authorship.231 Thus, under the null hypothesis, even 
 
 223 See HOSMER & LEMESHOW, supra note 119, at 10 (providing an example of a logistic-regression 
output table showing a coefficient for the independent variable and the value of the outcome variable’s 
intercept).  
 224 Id. (“[I]t is important to understand that the goal of an analysis using [logistic regression] is the 
same as that of any model-building technique used in statistics: to find the best fitting and most 
parsimonious, yet biologically reasonable model to describe the relationship between an outcome 
(dependent or response) variable and a set of independent (predictor or explanatory) variables.”). 
 225 See id. at 6. 
 226 Id. at 9. 
 227 Id. at 8 (“In a very general sense the method of maximum likelihood yields values for the 
unknown parameters which maximize the probability of obtaining the observed set of data.”). 
 228  See id. at 7–8 (contrasting likelihood maximization with “least squares” approaches and 
describing how “least squares” approaches are commonly used with linear regression and less frequently 
used with logistic regression). 




 230 HOSMER & LEMESHOW, supra note 119, at 11 (explaining a hypothesis test that looks at “whether 
the independent variables in the model are ‘significantly’ related to the outcome variable”). 
 231 Cf. Ordered Logistic Regression: Stata Annotated Output, UCLA INST. FOR DIGIT. RSCH. & 
EDUC., https://stats.idre.ucla.edu/stata/output/ordered-logistic-regression/ [https://perma.cc/SD7S-
RK42] (“[T]he null hypothesis is that all of the regression coefficients in the model are equal to zero. In 
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if we are told that Judge E is in the majority for a contracts opinion, our 
model’s probabilistic prediction of whether Judge E wrote that opinion 
(which is bound between 0.0 and 1.0) is not significantly better than a 
prediction at the average writing rate (total observations divided by total 
majority opinions). In other words, the null hypothesis concludes the logistic 
regression model is not meaningful—the predictor coefficients should be 0 
and the outcome coefficient should be the average outcome.232 In the effects-
based test, we test the null hypothesis against the alternative hypothesis.233 
The alternative hypothesis is that the judge and subject matter/patent-
technology information do affect authorship and that at least one predictor 
coefficient (i.e., an independent variable) is nonzero.234 
To test the effects-based hypotheses, we monitor the log-likelihood 
value during logistic regression’s iterative procedures. 235  After the final 
model is generated, we use the Likelihood Ratio (LR) Chi-Square test to 
compare the fitted model’s log likelihood with the zeroth iteration’s log 
likelihood.236 Fundamentally, this test asks whether the predictors have a 
significant effect on the outcome variable from the perspective of a logistic-
function model. 237  Because the LR Chi-Square statistic is chi-square 
distributed, we use p-values to assess significance.238 If there is a significant 
difference between the zeroth-iteration model and final model, we can reject 
 
other words, this is the probability of obtaining this chi-square statistic (31.56) if there is in fact no effect 
of the predictor variables.”). 
 232 JOHN H. MCDONALD, HANDBOOK OF BIOLOGICAL STATISTICS 241 (3d ed. 2014) (“The statistical 
null hypothesis is that the probability of a particular value of the nominal variable is not associated with 
the value of the measurement variable; in other words, the line describing the relationship between the 
measurement variable and the probability of the nominal variable has a slope of zero.”). 
 233 Ordered Logistic Regression: Stata Annotated Output, supra note 231 (“The z value follows a 
standard normal distribution which is used to test against a two-sided alternative hypothesis that the Coef. 
is not equal to zero.”). 
 234 See id. (describing an alternative hypothesis as one in which ordered logit coefficients are not 
equal to zero). 
 235 See id. (describing logistic regression as using “maximum likelihood estimation, which is an 
iterative procedure,” and listing log-likelihood values of a logistic regression at multiple iterative stages). 
 236 See id. (formulating the “LR Chi-Square statistic” as the difference between the log likelihood of 
the model at its zeroth iteration and the log likelihood of the fitted model, multiplied by –2). 
 237 See MCDONALD, supra note 232, at 242 (“[The likelihood-ratio method] uses the difference 
between the probability of obtaining the observed results under the logistic model and the probability of 
obtaining the observed results in a model with no relationship between the independent and dependent 
variables.”). 
 238 See id. at 247. 
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the null hypothesis in favor of the alternative hypothesis—that the predictors 
and outcome have a significant relationship.239 
As a final note on effects-based testing, a multiple-regression analysis240 
would typically include several LR Chi-Square tests between different 
predictors.241 In addition to comparing the zeroth-iteration model with the 
final fitted model, we would also compare the final fitted model with a fitted 
model that lacks a certain predictor. 242  Using this approach, we could 
determine which predictors provide a significant effect on the outcome and 
which do not.243 
For our analyses, the between-predictors tests yield the same obvious 
results: The subject matter/patent-technology predictors demonstrate no 
significant effects on authorship by themselves; the judge predictors do, 
however, demonstrate significant effects by themselves. This is not 
surprising. Assume you are asked to predict whether an opinion observation 
has authorship (1) or not (0). Merely knowing that the opinion is a contracts 
opinion does not help your prediction at all. However, knowing only that the 
judge is Judge C could influence your prediction if you surmise that Judge C 
is generally a more active writer. Furthermore, if you are given both the judge 
and the subject matter/patent-technology information, you can make a 
meaningful prediction based on the judge’s general writing activity and the 
judge’s preference for (or aversion to) the particular subject matter/patent-
technology category. Consistent with this logic, our analyses show that the 
LR Chi-Square tests receive dominant contributions from the judge 
predictors and a slight contribution from the subject matter/patent-
technology predictors. 
Now, the second key hypothesis test is the goodness-of-fit test. This test 
asks whether the fitted model’s predictions sufficiently match the observed 
 
 239 See Ordered Logistic Regression: Stata Annotated Output, supra note 229 (describing the LR 
Chi-Square statistic as being more “extreme”—and thus more significant evidence against the null 
hypothesis—as the statistic increases in value). 
 240  Our analyses are multiple-regression analyses because they have multiple predictors. See 
MCDONALD, supra note 232, at 240.  
 241 See id. at 250–52. 
 242 See id. at 251 (“As you are doing a multiple logistic regression, you’ll also test a null hypothesis 
for each X variable, that adding that X variable to the multiple logistic regression does not improve the fit 
of the equation any more than expected by chance.”). 
 243 See John McGready, Lecture at Johns Hopkins Bloomberg Sch. of Pub. Health on Multiple 
Logistic Regression 28–29 (2009), http://ocw.jhsph.edu/courses/StatisticalReasoning2/PDFs/2009/ 
StatR2_lec8a_mcgready.pdf [https://perma.cc/A6QS-2H5H] (concluding that two predictors were 
“significant predictors” after running a multiple-regression analysis and finding each predictor’s p-value). 
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data. 244  The goodness-of-fit test is different from the effects-based test 
because a model may establish a predictor–outcome relationship but still 
have significant discrepancies between the predicted outcomes and observed 
outcomes.245 In such a situation, the model passes the effects-based test but 
fails the goodness-of-fit test.246 There are a few reasons why this might occur. 
First, the selected model (e.g., logistic, linear, or inverse-normal functions) 
may be ill-posed to represent the observed data. 247  Second, the selected 
model may be adequate, but the observed data may be highly irregular—the 
data may be nonnormally distributed or contain numerous outliers.248 For the 
goodness-of-fit test, the null hypothesis is that there is no significant 
difference between the observed outcomes and the model’s predicted 
outcomes. 249  The alternative hypothesis is that there is a significant 
difference.250 
To test the goodness-of-fit hypotheses, we take the fitted model, predict 
outcomes from the observations, and compare the predicted outcomes with 
the observed outcomes using the Pearson Chi-Square goodness-of-fit test.251 
The Pearson Chi-Square statistic is chi-square distributed, so we use p-values 
to assess significance. 252  If there is a significant difference between the 
predicted and observed outcomes, we reject the null hypothesis—there is 
evidence the model lacks fit.253 
 
 244 HOSMER & LEMESHOW, supra note 119, at 11 (contrasting the goodness-of-fit hypothesis test 
with the effects-based hypothesis test). 
 245 See id. at 143 (“We begin . . . with the assumption that we are at least preliminarily satisfied with 
our efforts at the model building stage. . . . Now we would like to know how effectively the model we 
have describes the outcome variable. This is referred to as its goodness-of-fit.”). 
 246 See id. at 143–44. 
 247 See Chi-Square Goodness-of-Fit Test, NIST/SEMATECH E-HANDBOOK OF STAT. METHODS 
(Oct. 30, 2013), https://www.itl.nist.gov/div898/handbook/eda/section3/eda35f.htm [https://perma.cc/ 
HXB7-V2HF] (“The chi-square [goodness-of-fit] test can be used to answer the following types of 
questions: Are the data from a normal distribution? . . . Are the data from a logistic distribution?”). 
 248 See id. 
 249  Chi-Square Goodness of Fit Test, YALE U. DEP’T OF STAT. & DATA SCI., http://www.stat. 
yale.edu/Courses/1997-98/101/chigf.htm [https://perma.cc/P6TX-HNUS] (defining the null hypothesis 
for the goodness-of-fit test as “the data are governed by the assumed distribution” and the alternative 
hypothesis as “the data are not drawn from the assumed distribution”). 
 250 Id. 
 251 MCDONALD, supra note 232, at 46, 49–51 (detailing the Pearson Chi-Square test for goodness-
of-fit). 
 252 See Chi-Square Goodness of Fit Test, supra note 249 (“For this distribution, the critical value for 
the 0.05 significance level is 14.07. Since 2.69 < 14.07, we do not reject the null hypothesis that the data 
are normally distributed.”). 
 253 MCDONALD, supra note 232, at 46. 
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After obtaining the fitted logistic-regression model and completing the 
hypothesis tests, we can finally generate our desired output, Pearson 
standardized residuals. Recall that these residuals quantify writing activities 
on a scale from avoidance to preference.254 They allow us to identify outlier 
judges, judges exhibiting abnormal participation in certain subject 
matter/patent-technology categories. 255  From a statistical perspective, 
residuals quantify the difference between specific predicted outcomes and 
observed outcomes.256 If the model lacks fit, residuals tell us which data 
points drive the lack of fit.257 
A Pearson residual is simply a residual calculated using the Pearson 
formula.258 For a judge j and a subject matter or patent technology i, the 






In the Pearson-residual equation, yij is an observed writing frequency, 
πij  is an expected writing frequency, and mij  is the number of i – j 
combinations within a particular covariate pattern.260 Other residuals include 
deviance, Anscombe, and studentized residuals.261 
A standardized Pearson residual accounts for between-predictor 








 254 See discussion infra Section II.B.1.  
 255 See SIMONOFF, supra note 122, at 36 (“Residual plots are very useful to detect outliers and 
leverage points.”). 
 256 HOSMER & LEMESHOW, supra note 119, at 145.  
 257 Id. at 145–46; SCOTT MENARD, APPLIED LOGISTIC REGRESSION ANALYSIS 85–89 (2d ed. 2002).  
 258 HOSMER & LEMESHOW, supra note 119, at 145. 
 259 See id. 
 260 See id. 
 261  See SAS INST. INC., 1–2 SAS/INSIGHT®: 9.1 USER’S GUIDE 635–38 (2004) (presenting 
studentized, Pearson, deviance, and Anscombe residuals).  
 262 HOSMER & LEMESHOW, supra note 119, at 167–73.  
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In the above equation, hij  represents the full leverage. 263  The full 
leverage is derived from the hat matrix, a projection matrix representing an 
entire covariate space.264 
A Pearson standardized residual greater than 2 or less than –2 indicates 
a lack of fit; the observed outcome is an outlier.265 A residual greater than 4 
or less than –4 indicates a substantial lack of fit; the observed outcome is a 
substantial outlier.266 
We use Stata for modeling logistic regression, hypothesis testing, and 
calculating residuals. We use Microsoft Excel to generate residual plots. 
Note that for each analysis, there are two residual plots. These plots display 
Pearson standardized residuals for judge and subject matter/patent-
technology interactions. One of these plots corresponds to observations for 
all opinions. The other plot corresponds to observations for only precedential 
opinions. In each plot, we suppress non-Federal Circuit judges (district court 
judges sitting by designation). 
2. Two-Way Median Polish as a Supplemental Method 
We deploy John Tukey’s median polish as a supplemental statistical 
method. 267  Median polish is an exploratory statistical technique, not a 
hypothesis-testing technique.268 It operates on data in a two-way format and 
produces an additively fit model.269 In our analyses, the judges represent 
rows, while the subject matter/patent-technology categories represent 
columns. Because the data are represented using a two-way table, the inputs 
for median polish are slightly different than those for logistic regression. In 
logistic regression, we constructed formal observations for each majority 
opinion. For each judge in a majority, an observation contained that judge’s 
name, the subject matter/patent-technology category, and 0 or 1 for 
 
 263 See id. at 169.  
 264 Id. at 168, 173. 
 265 Bandyopadhyay, supra note 123, at 8 (noting that a Pearson-standardized-residual “value greater 
than 2 or 3 indicates a lack of fit”); see also CORNELL STAT. CONSULTING UNIT, supra note 123 (“[A] 
Pearson residual whose absolute value is greater than 2 or 3 has a significant deviation from 
expectancy.”). 
 266 See Identifying Outliers (Unusual Y Values), supra note 124 (“[I]ts standardized residual (3.68) 
leads this software to flag the data point as being an observation with a ‘Large residual.’”); see also Glen, 
supra note 124 (“If your residuals are +/–3, then it means that something extremely unusual is happening. 
If you get +/–4, it’s something from the Twilight Zone!”). 
 267 See generally JOHN W. TUKEY, EXPLORATORY DATA ANALYSIS 363–400 (1977) (explaining the 
basic principles of the median-polish method).  
 268 See SIMONOFF, supra note 122, at 197–234.  
 269 See id. at 231–34. 
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authorship, depending on whether the judge authored the majority opinion. 
For median polish, we simply calculate a judge’s total opinions written for 
each subject matter/patent-technology category. These values comprise the 
cells in the initial two-way table. Note that this approach does not account 
for writing opportunities, which are emphasized in Section II.A. 
Median polish adds value because its modeling procedures are robust 
with regards to outliers, which, fundamentally, we are seeking to identify.270 
During each iteration, median polish obtains medians from the two-way 
tables and uses these medians to calculate the row and column “effects.”271 
This process repeats until the effects converge to a sufficient degree.272 At 
that point, the column, row, and grand effects represent the final fitted 
model.273 Median polish’s resiliency to outliers stems from its dependence 
on medians instead of means.274 Specifically, median polish uses medians to 
calculate row and column effects (other two-way techniques, such as 
ANOVA, use means). As with logistic regression, we can calculate Pearson 
standardized residuals after obtaining median polish’s final model. 
There are two main drawbacks with median polish. First, median polish 
is an exploratory technique, not a hypothesis-testing technique. As a result, 
we lack insight into whether the final model has a good fit or demonstrates 
an actual predictor–outcome relationship. Second, because input data are in 
a two-way table, median polish does not account for writing opportunities, 
as mentioned above. We should also note that opinion-assignment ratios 
(OARs) were improper for our two-way table because certain judge–
category interactions were nonexistent (i.e., certain judges did not have a 
majority appearance in certain opinion categories). OARs with a zero 
denominator are undefined, and these undefined values disrupt median 
polish’s iterative calculations. Given these two drawbacks—no hypothesis 
testing and no writing opportunities—we use median polish as a 
supplemental, exploratory analysis. 
We use Stata for the median-polish modeling and calculating residuals. 
We use Microsoft Excel to generate the residual plots. As with logistic 
regression, there are two residual plots for both the subject matter and patent-
technology analyses. These plots display Pearson standardized residuals for 
 
 270  See id. at 231 (stating that the median-polish method can overcome the “masking” and 
“swamping” effects).  
 271 See id. 
 272 See id.; Peter J. Huber, John W. Tukey’s Contributions to Robust Statistics, 30 ANNALS STAT. 
1640, 1646 (2002). 
 273 See SIMONOFF, supra note 122, at 231–34. 
 274 See id. 
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judge and subject matter/patent-technology interactions. One plot 
corresponds to observations for all opinions. The other plot corresponds to 
observations for only precedential opinions. In each plot, we suppress non-
Federal Circuit judges (district court judges sitting by designation). 
II. FULL RESULTS 
A. Summary Statistics 
Tables T1 and T2 provide summary statistics for the dataset, including 
the number of opinions by judge, the number of writing opportunities, the 
number of decisions by subject matter, and the residual for each judge for 
each subject matter: 






























18 54 57 12 25 14 11 56 14 80 4 383 5 
Authored 
Ops. 
9 20 29 4 9 5 7 24 2 34 2 126 1 
% 
Authored 
50.0% 37.0% 50.9% 33.3% 36.0% 35.7% 63.6% 42.9% 14.3% 42.5% 50.0% 32.9% 20.0% 






3 27 28 2 4 1 0 13 9 18 2 178 0 
Authored 
Ops. 
0 6 1 0 1 0 0 3 3 5 0 54 0 
% 
Authored 
0.0% 22.2% 3.6% 0.0% 25.0% 0.0% NaN 23.1% 33.3% 27.8% 0.0% 30.3% NaN 









7 38 37 8 6 11 7 34 9 53 2 164 0 
Authored 
Ops. 
6 10 18 3 3 6 2 12 4 16 0 41 0 
% 
Authored 
85.7% 26.3% 48.6% 37.5% 50.0% 54.5% 28.6% 35.3% 44.4% 30.2% 0.0% 25.0% NaN 






24 88 67 7 18 12 15 68 19 102 3 465 4 
Authored 
Ops. 
14 35 32 4 11 4 6 32 10 29 1 163 3 
% 
Authored 
58.3% 39.8% 47.8% 57.1% 61.1% 33.3% 40.0% 47.1% 52.6% 28.4% 33.3% 35.1% 75.0% 
Residual 2.30 0.17 2.00 1.11 2.25 –0.42 0.25 1.57 1.45 –3.14 –0.26 –2.24 1.66 
  









13 41 34 7 13 4 9 29 10 63 4 212 1 
Authored 
Ops. 
5 12 12 2 7 2 1 12 3 12 4 72 0 
% 
Authored 
38.5% 29.3% 35.3% 28.6% 53.8% 50.0% 11.1% 41.4% 30.0% 19.0% 100.0% 34.0% 0.0% 







4 21 3 6 5 4 3 9 13 19 1 179 0 
Authored 
Ops. 
1 12 0 2 0 1 3 5 2 14 1 48 0 
% 
Authored 
25.0% 57.1% 0.0% 33.3% 0.0% 25.0% 100.0% 55.6% 15.4% 73.7% 100.0% 26.8% NaN 






15 52 48 2 18 10 8 42 16 65 4 311 5 
Authored 
Ops. 
0 8 14 1 1 6 2 7 5 21 1 142 0 
% 
Authored 
0.0% 15.4% 29.2% 50.0% 5.6% 60.0% 25.0% 16.7% 31.3% 32.3% 25.0% 45.7% 0.0% 







19 68 77 9 19 12 13 70 28 84 4 519 10 
Authored 
Ops. 
2 19 29 3 6 2 1 11 14 11 1 255 0 
% 
Authored 
10.5% 27.9% 37.7% 33.3% 31.6% 16.7% 7.7% 15.7% 50.0% 13.1% 25.0% 49.1% 0.0% 







9 41 38 4 10 10 6 33 11 47 2 199 6 
Authored 
Ops. 
4 15 15 2 2 3 2 7 4 11 1 21 1 
% 
Authored 
44.4% 36.6% 39.5% 50.0% 20.0% 30.0% 33.3% 21.2% 36.4% 23.4% 50.0% 10.6% 16.7% 








11 29 34 2 5 9 13 29 9 63 1 196 0 
Authored 
Ops. 
4 11 16 1 1 2 6 13 3 22 1 57 0 
% 
Authored 
36.4% 37.9% 47.1% 50.0% 20.0% 22.2% 46.2% 44.8% 33.3% 34.9% 100.0% 29.1% NaN 







17 61 53 10 13 14 10 33 19 58 5 395 4 
Authored 
Ops. 
6 21 16 3 1 7 3 12 5 12 1 167 2 
% 
Authored 
35.3% 34.4% 30.2% 30.0% 7.7% 50.0% 30.0% 36.4% 26.3% 20.7% 20.0% 42.3% 50.0% 
Residual –0.14 –0.50 –1.24 –0.40 –2.22 1.00 –0.38 –0.19 –0.92 –3.14 –0.91 2.62 0.55 
  









24 109 71 5 14 17 9 60 21 113 1 370 1 
Authored 
Ops. 
4 34 6 0 3 5 4 11 12 59 0 101 0 
% 
Authored 
16.7% 31.2% 8.5% 0.0% 21.4% 29.4% 44.4% 18.3% 57.1% 52.2% 0.0% 27.3% 0.0% 








8 48 35 12 13 9 7 17 14 43 4 234 1 
Authored 
Ops. 
2 17 14 5 5 4 1 8 6 9 3 104 0 
% 
Authored 
25.0% 35.4% 40.0% 41.7% 38.5% 44.4% 14.3% 47.1% 42.9% 20.9% 75.0% 44.4% 0.0% 







19 82 80 13 26 14 17 77 21 90 6 563 5 
Authored 
Ops. 
5 35 15 5 9 3 5 35 4 35 2 210 3 
% 
Authored 
26.3% 42.7% 18.8% 38.5% 34.6% 21.4% 29.4% 45.5% 19.0% 38.9% 33.3% 37.3% 60.0% 







20 69 63 11 13 13 9 55 16 110 4 391 11 
Authored 
Ops. 
7 25 12 1 5 3 4 13 4 60 1 153 9 
% 
Authored 
35.0% 36.2% 19.0% 9.1% 38.5% 23.1% 44.4% 23.6% 25.0% 54.5% 25.0% 39.1% 81.8% 







11 34 26 8 3 8 5 25 12 33 0 261 0 
Authored 
Ops. 
1 11 15 1 0 2 0 12 4 9 0 85 0 
% 
Authored 
9.1% 32.4% 57.7% 12.5% 0.0% 25.0% 0.0% 48.0% 33.3% 27.3% NaN 32.6% NaN 







18 37 46 6 7 12 10 36 16 82 5 241 1 
Authored 
Ops. 
10 17 15 4 3 5 5 20 4 34 1 68 0 
% 
Authored 
55.6% 45.9% 32.6% 66.7% 42.9% 41.7% 50.0% 55.6% 25.0% 41.5% 20.0% 28.2% 0.0% 








4 23 34 4 3 6 6 27 8 25 4 193 0 
Authored 
Ops. 
1 9 16 0 1 3 2 9 2 8 1 83 0 
% 
Authored 
25.0% 39.1% 47.1% 0.0% 33.3% 50.0% 33.3% 33.3% 25.0% 32.0% 25.0% 43.0% NaN 
Residual –0.62 –0.13 0.93 –1.62 –0.19 0.48 –0.27 –0.86 –0.83 –0.85 –0.72 0.91 NaN 
  









9 31 27 5 3 5 6 26 8 29 2 251 1 
Authored 
Ops. 
6 11 23 4 3 2 1 11 2 11 1 61 0 
% 
Authored 
66.7% 35.5% 85.2% 80.0% 100.0% 40.0% 16.7% 42.3% 25.0% 37.9% 50.0% 24.3% 0.0% 







2 22 25 3 4 4 3 21 3 27 1 107 2 
Authored 
Ops. 
1 8 8 0 2 1 2 10 1 5 0 22 1 
% 
Authored 
50.0% 36.4% 32.0% 0.0% 50.0% 25.0% 66.7% 47.6% 33.3% 18.5% 0.0% 20.6% 50.0% 






4 10 8 0 1 5 2 6 6 14 0 105 0 
Authored 
Ops. 
1 3 1 0 1 0 0 2 2 2 0 49 0 
% 
Authored 
25.0% 30.0% 12.5% NaN 100.0% 0.0% 0.0% 33.3% 33.3% 14.3% NaN 46.7% NaN 








3 8 12 0 3 1 3 4 1 16 0 60 0 
Authored 
Ops. 
1 4 3 0 2 1 1 1 0 2 0 16 0 
% 
Authored 
33.3% 50.0% 25.0% NaN 66.7% 100.0% 33.3% 25.0% 0.0% 12.5% NaN 26.7% NaN 
Residual 0.22 1.37 –0.24 NaN 1.57 1.59 0.26 –0.16 –0.61 –1.41 NaN –0.24 NaN 









Bryson 733 272 39.2% 0.251 
Chen 285 73 15.0% –0.411 
Clevenger 376 121 38.9% 0.434 
Dyk 892 344 46.8% 0.515 
Gajarsa 440 144 36.2% 0.147 
Hughes 267 89 42.7% 0.405 
Linn 596 208 25.8% –0.729 
Lourie 932 354 24.5% –1.303 
Mayer 416 88 31.7% 0.648 
Michel 401 137 41.8% 0.292 
Moore 692 256 31.8% –0.452 
Newman 815 239 23.6% –0.045 
O’Malley 445 178 36.1% –0.199 
Prost 1013 366 34.3% –0.197 
Rader 785 297 35.0% 0.028 
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Reyna 426 140 25.3% –0.229 
Schall 517 186 38.9% 0.352 
Taranto 337 135 32.2% –0.314 
Wallach 403 136 46.4% 0.772 
Plager 224 61 33.1% 0.275 
Stoll 161 61 29.5% –0.460 
Archer 111 31 37.3% 0.235 
B. Full Results from Our Subject Matter Analysis 
Figures A1 through A26 graphically illustrate the results of our 
empirical analysis for the subject matter study. Figures A1 and A2 display 
the results from our logistic-regression framework. Figures A25 and A26 
display the results from our supplemental empirical technique, median 
polish. In Figures A1, A2, A25, and A26, each horizontal line represents a 
particular subject matter category, and each dot represents a single judge’s 
residual. After each of these Figures, we present the full catalog of residuals 
in Tables T3 T4, T5, and T6, respectively. Meanwhile, Figures A3 through 
A24 display the year-over-year residual plots for every judge; each line 
represents a particular subject matter category for a specific judge. 
1. Logistic Regression: Residual Plots and Tables 
Figure A1 graphically demonstrates our results for judicial specialization in 
the Federal Circuit for all written opinions. More specifically, Figure A1 
plots the output of our logistic-regression framework, Pearson standardized 
residuals: 
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FIGURE A1: SUBJECT MATTER SPECIALIZATION, RESIDUAL PLOT FOR ALL WRITTEN OPINIONS 
 
We are able to conduct a statistical test on whether the degree of opinion 
specialization we observe is actually larger than one would expect from 
chance alone. We find that there is less than a 0.01% risk that there are not 
significant effects between our results. 
Under this test, our fitted regression model has an LR Chi-Square test 
value of 118.28 with 67 degrees of freedom. We can reject the null 
hypothesis at a significance level of 0.0001. Put differently, there is a 0.01% 
risk we are rejecting the null hypothesis when there are, in fact, no significant 
effects between variables. 
Regarding the goodness-of-fit hypothesis test,275 our fitted regression 
model has a Pearson Chi-Square test value of 702.93. Given this test value, 
we reject the null hypothesis at a significance level of 0.0001—there is 
significant evidence the model lacks fit.  
In addition to the graphical plots, we also provide a complete catalog of 
Pearson standardized residuals for the all-opinions version of our subject 
matter anlaysis. This catalog is presented below in Table T3: 
 
 275 See supra Appendix Section I.B.1. 
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TABLE T3: SUBJECT MATTER SPECIALIZATION, RESIDUALS FOR ALL WRITTEN OPINIONS 
 Takings Veterans 
Int. 
Trade 
Vaccine Tax Other 
Mil./Civ. 
Pay 
Bryson 1.26 –0.07 2.62 –0.20 0.02 –0.15 2.02 
Chen –1.03 –0.45 –2.87 –0.82 0.02 –0.59 NaN 
Clevenger 3.14 –0.84 2.38 0.40 1.03 1.59 –0.13 
Dyk 2.30 0.17 2.00 1.11 2.25 –0.42 0.25 
Gajarsa 0.48 –0.54 0.35 –0.18 1.81 0.72 –1.36 
Hughes –0.36 2.32 –1.24 0.05 –1.57 –0.38 2.56 
Linn –3.05 –3.11 –0.98 0.49 –2.70 1.67 –0.53 
Lourie –2.73 –1.86 –0.08 –0.23 –0.50 –1.60 –2.28 
Mayer 1.78 2.41 3.01 1.49 –0.02 0.67 0.82 
Michel 0.17 0.39 1.76 0.51 –0.63 –0.80 1.07 
Moore –0.14 –0.50 –1.24 –0.40 –2.22 1.00 –0.38 
Newman –1.50 0.37 –4.85 –1.43 –0.59 –0.03 1.13 
O’Malley –0.90 –0.73 –0.01 0.21 –0.02 0.24 –1.36 
Prost –0.97 1.24 –4.41 0.27 –0.03 –1.22 –0.49 
Rader –0.27 –0.35 –3.93 –1.99 0.15 –1.17 0.52 
Reyna –1.77 –0.11 2.92 –1.21 –1.19 –0.51 –1.55 
Schall 1.91 1.24 –0.56 1.67 0.46 0.38 1.06 
Taranto –0.62 –0.13 0.93 –1.62 –0.19 0.48 –0.27 
Wallach 2.21 0.17 6.16 2.30 2.52 0.28 –0.84 
Plager 0.74 0.94 0.57 –1.04 1.10 –0.12 1.62 
Stoll –0.54 –0.54 –1.52 NaN 1.32 –1.79 –1.08 
Archer 0.22 1.37 –0.24 NaN 1.57 1.59 0.26 
 
 Contracts Trademarks Personnel Native Am. Patent 
Spent Nuc. 
Fuel 
Bryson 0.88 –1.77 1.47 0.47 –2.26 –1.03 
Chen –0.27 0.61 0.26 –0.88 1.50 NaN 
Clevenger 0.31 0.88 –0.29 –1.03 –2.23 NaN 
Dyk 1.57 1.45 –3.14 –0.26 –2.24 1.66 
Gajarsa 0.96 –0.12 –2.74 2.85 0.42 –0.74 
Hughes 1.39 –1.35 4.02 1.37 –1.95 NaN 
Linn –2.86 –0.23 –0.46 –0.51 4.82 –2.03 
Lourie –4.89 1.57 –6.63 –0.63 7.23 –4.31 
Mayer –0.07 1.35 0.48 0.94 –4.05 –0.38 
Michel 1.19 0.01 0.23 1.34 –1.74 NaN 
Moore –0.19 –0.92 –3.14 –0.91 2.62 0.55 
Newman –2.26 3.10 7.98 –0.68 –1.15 –0.68 
O’Malley 0.54 0.31 –2.93 1.39 1.55 –0.87 
Prost 1.95 –1.64 0.93 –0.25 0.80 1.26 
Rader –2.64 –1.03 5.76 –0.63 0.72 5.22 
N O R T H W E S T E R N  U N I V E R S I T Y  L A W  R E V I E W 
1478 
Reyna 1.63 0.11 –0.71 NaN –0.13 NaN 
Schall 2.55 –0.88 1.46 –0.87 –3.05 –0.80 
Taranto –0.86 –0.83 –0.85 –0.72 0.91 NaN 
Wallach 0.90 –0.47 0.58 0.43 –3.45 –0.76 
Plager 2.10 0.28 –1.05 –0.64 –1.65 0.72 
Stoll –0.28 –0.18 –1.88 NaN 1.89 NaN 
Archer –0.16 –0.61 –1.41 NaN –0.24 NaN 
FIGURE A2: SUBJECT MATTER SPECIALIZATION, RESIDUAL PLOT FOR PRECEDENTIAL OPINIONS 
 
Regarding the effects-based hypothesis, we find that there is less than a 
0.08% risk that there are not significant effects between our results. Under 
this test, our fitted regression model has an LR Chi-Square test value of 
117.27 with 73 degrees of freedom. We can reject the null hypothesis at a 
significance level of 0.0008. In other words, there is a 0.08% risk we are 
rejecting the null hypothesis when there are, in fact, no significant effects 
between variables. 
Regarding the goodness-of-fit hypothesis test, our fitted regression 
model has a Pearson Chi-Square test value of 784.39. Given this test value, 
we reject the null hypothesis at a significance level of 0.0001—there is 
significant evidence the model lacks fit. 
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We also provide a complete catalog of Pearson standardized residuals 
for the precedential-opinions version of our subject matter anlaysis. This 
catalog is presented in Table T4: 
TABLE T4: SUBJECT MATTER SPECIALIZATION, RESIDUALS FOR PRECEDENTIAL OPINIONS 
 Takings Veterans Int. Trade Vaccine Tax Other Mil./Civ. Pay 
Bryson 1.78 0.06 1.80 0.42 0.15 0.10 1.86 
Chen –1.03 0.48 –2.59 –0.57 0.03 NaN NaN 
Clevenger 2.98 –0.16 2.55 0.03 0.61 2.06 0.03 
Dyk 2.04 0.94 0.73 1.19 1.70 –0.16 –0.03 
Gajarsa 0.34 –1.18 –0.24 –0.41 1.38 0.50 –1.61 
Hughes –0.21 2.82 –0.92 0.69 –1.43 NaN 2.28 
Linn –3.14 –2.29 –0.93 0.48 –2.52 1.97 –1.81 
Lourie –2.12 –1.37 0.23 –0.44 –0.80 –1.37 –1.81 
Mayer 1.13 2.08 1.93 1.06 –0.50 –0.02 0.36 
Michel 0.66 –0.11 1.69 0.64 –1.13 –1.56 1.63 
Moore –0.29 0.35 –1.69 –0.73 –2.79 0.73 0.04 
Newman –1.84 –2.30 –3.06 –0.96 0.75 0.37 0.99 
O’Malley –0.63 –1.12 –0.23 0.86 0.62 1.20 –1.64 
Prost –1.03 0.36 –3.18 0.03 0.58 –1.05 0.05 
Rader –0.54 –1.40 –2.81 –1.55 –0.33 –1.68 –0.19 
Reyna –1.71 0.34 2.71 –1.76 –1.22 –1.85 –1.42 
Schall 2.22 1.06 –0.30 1.39 1.00 –0.04 0.37 
Taranto –0.76 –0.09 0.82 –1.49 –0.30 0.79 0.34 
Wallach 2.04 0.71 5.34 1.74 2.43 –0.50 –0.95 
Plager 0.54 0.95 –0.37 –1.17 0.85 –0.35 2.13 
Stoll –0.04 –0.95 –1.32 NaN 1.44 –1.05 –0.70 
Archer –0.79 2.08 0.14 NaN 1.87 NaN 0.95 
 
 Contracts Trademarks Personnel Native Am. Patent 
Spent Nuc. 
Fuel 
Bryson 1.18 –1.76 2.83 0.91 –3.77 –1.11 
Chen 0.08 1.44 0.19 –0.88 0.98 NaN 
Clevenger –0.18 2.11 0.58 –0.97 –3.82 NaN 
Dyk 0.16 0.76 –1.52 –0.49 –2.08 1.34 
Gajarsa 1.11 –0.70 –0.88 2.59 0.37 0.81 
Hughes 1.08 –1.36 3.97 1.49 –2.25 NaN 
Linn –2.90 0.29 0.25 –0.55 4.49 2.01 
Lourie –4.68 1.03 –3.16 –0.63 6.37 –3.07 
Mayer –0.59 1.80 1.07 0.63 –3.44 –0.52 
Michel 0.97 –0.94 0.57 1.44 –1.80 NaN 
Moore 0.37 –0.36 –1.43 –0.99 1.89 1.07 
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Newman –1.60 3.00 0.33 –0.60 3.18 –0.59 
O’Malley 0.80 0.80 –1.94 1.62 0.64 –0.78 
Prost 1.45 –1.76 1.52 –0.80 0.81 1.36 
Rader –2.51 –0.14 –1.80 –0.45 4.61 3.86 
Reyna 2.77 0.00 –1.09 NaN –0.21 NaN 
Schall 3.20 –2.16 1.15 –0.74 –3.24 –0.74 
Taranto –0.71 –0.47 –0.31 –0.44 0.50 NaN 
Wallach 0.83 –0.10 1.48 0.35 –4.22 –0.79 
Plager 2.06 0.57 –0.97 –0.73 –1.28 0.53 
Stoll –0.09 –0.02 –1.26 NaN 1.54 NaN 
Archer 0.38 –0.55 –1.45 NaN –0.92 NaN 
 
2. Logistic Regression: Year-by-Year Residual Plots 
To explore how judges’ specializations evolve over time, we repeat the 
analysis associated with Figure A2 (precedential opinions) but calculate each 
judge’s residuals for each subject matter on a yearly basis. Thus, unlike in 
our previous analyses, we calculate residuals in a cumulative manner, year 
by year. This allows us to see opinion specialization and avoidance develop 
over the course of a jurist’s time on the bench. This exercise is perhaps most 
illuminating for judges appointed during the time period of our study, 2004 
through 2018. Eight judges at the Federal Circuit assumed office between 
2004 and 2018.276 
Figures A3 through A24 demonstrate the dynamic results for all Federal 
Circuit judges who were active during our study’s time period. The figures 
are ordered alphabetically by last name. Each line represents the residuals 
for a subject matter category; we label residuals having an absolute value 
greater than 2.0. For reference, Table T5 demonstrates the mapping between 
colors and subject matter categories for all of the year-over-year figures: 
 
 276 See supra note 156 and accompanying text. 
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TABLE T5: MAPPINGS FROM SUBJECT MATTERS TO LINE COLORS  
Subject Matter Category Line Color 
Takings ( ■■■■■ ) Steel Blue 
Veterans ( ■■■■■ ) Orange 
International Trade ( ■■■■■ ) Light Gray 
Vaccine ( ■■■■■ ) Gold 
Tax ( ■■■■■ ) Sapphire Blue 
Other ( ■■■■■ ) Pear Green 
Military/Civilian Pay ( ■■■■■ ) Yale Blue 
Contracts ( ■■■■■ ) Sienna Brown 
Trademarks ( ■■■■■ ) Dark Gray 
Personnel ( ■■■■■ ) Copper Brown 
Native American ( ■■■■■ ) Navy Blue 
Patents ( ■■■■■ ) Hunter Green 
Spent Nuclear Fuel ( ■■■■■ ) Carolina Blue 
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FIGURE A4: JUDGE CHEN, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS  
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FIGURE A6: JUDGE DYK, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
FIGURE A7: JUDGE GAJARSA, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE A8: JUDGE HUGHES, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE A10: JUDGE LOURIE, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
FIGURE A11: JUDGE MAYER, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE A12: JUDGE MICHEL, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
FIGURE A13: JUDGE MOORE, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE A14: JUDGE NEWMAN, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
FIGURE A15: JUDGE O’MALLEY, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE A16: JUDGE PROST, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
 
FIGURE A17: JUDGE RADER, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE A18: JUDGE REYNA, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
 
FIGURE A19: JUDGE SCHALL, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE A20: JUDGE TARANTO, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
FIGURE A21: JUDGE WALLACH, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE A22: JUDGE PLAGER, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
FIGURE A23: JUDGE STOLL, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
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FIGURE A24: JUDGE ARCHER, RESIDUALS OVER TIME FOR PRECEDENTIAL OPINIONS 
 
3. Median Polish (Supplemental): Residual Plots and Tables 
Figure A25 graphically demonstrates the results from our supplemental 
empirical analysis, median polish. It represents the results for all written 
opinions. As in our logistic-regression plots, Figure A25 presents Pearson 
standardized residuals for each judge–subject matter combination. Recall 
that median polish is an exploratory statistical technique, not a technique for 
hypothesis testing.277 Accordingly, we remove outlier shading from Figure 
A25. 
 
 277 See discussion supra Appendix Section I.B.1.b. 
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FIGURE A25: SUBJECT MATTER SPECIALIZATION, MEDIAN-POLISH RESIDUALS FOR  
ALL OPINIONS 
 
We also provide a complete catalog of Pearson standardized residuals 
for the all-opinions version of our median-polish analysis. This catalog is 
presented in Table T6: 
TABLE T6: SUBJECT MATTER SPECIALIZATION, MEDIAN-POLISH RESIDUALS FOR ALL  
WRITTEN OPINIONS 
 Takings Veterans 
Int. 
Trade 
Vaccine Tax Other 
Mil./Civ. 
Pay 
Bryson –0.33 0.51 2.48 –1.47 0.00 –1.39 –0.37 
Chen –1.44 –1.34 –3.17 NaN 0.00 –1.02 NaN 
Clevenger 0.00 –1.14 0.82 –0.51 –0.92 0.46 –1.02 
Dyk 0.29 3.35 2.33 –2.22 –0.31 –2.44 –1.59 
Gajarsa 0.00 –0.30 0.57 –0.59 1.54 –1.03 –1.19 
Hughes –1.54 0.00 3.80 0.00 –1.77 –1.18 0.72 
Linn –2.32 –1.49 0.00 –1.19 –1.56 1.04 –0.60 
Lourie –1.73 1.47 3.95 –0.53 0.47 –1.42 –1.58 
Mayer –0.46 0.59 0.28 –0.59 1.02 –0.51 –0.59 
Michel –0.46 –0.59 0.57 –1.18 –1.54 –1.03 1.78 
Moore –0.40 1.68 0.00 –0.93 –2.13 0.43 –0.93 
Newman –0.85 5.77 –2.50 –2.08 –0.93 0.00 0.00 
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O’Malley –1.69 0.86 –0.28 0.51 0.00 –0.46 –1.55 
Prost –1.13 5.22 –0.53 –0.43 0.80 –1.60 –0.43 
Rader 0.00 2.81 –1.08 –1.87 –0.43 –1.29 –0.47 
Reyna –1.55 –0.31 0.59 –0.72 –1.78 –0.59 –1.45 
Schall 1.18 0.55 –0.27 –0.46 –1.27 –0.42 0.00 
Taranto –1.54 –0.92 0.88 –1.45 –1.19 0.00 0.00 
Wallach 0.46 –0.59 2.55 0.59 –0.51 –1.03 –1.18 
Plager –1.18 –0.95 –1.21 –1.01 0.00 –0.72 1.02 
Stoll –0.72 –2.34 –3.17 NaN 0.00 –1.02 NaN 
Archer –0.72 –1.99 –2.52 NaN 1.01 0.00 NaN 
 
 Contracts Trademarks Personnel Native Am. Patent 
Spent Nuc. 
Fuel 
Bryson 2.15 –2.45 4.52 –1.96 7.00 –2.12 
Chen –1.85 2.04 –1.42 1.01 –2.83 1.43 
Clevenger 0.00 –0.46 0.89 –1.76 –5.72 –1.44 
Dyk 3.24 –0.61 2.23 –2.99 7.00 –2.10 
Gajarsa 0.32 –0.52 0.00 1.45 –0.18 –1.02 
Hughes –1.66 –0.59 0.97 0.00 –4.20 NaN 
Linn –1.28 0.52 2.83 –0.73 7.00 –1.03 
Lourie –0.31 4.27 –0.62 –1.21 7.00 –1.49 
Mayer –1.26 0.00 –0.31 –0.72 –7.00 0.00 
Michel 0.64 –0.52 3.11 –0.72 –2.80 –1.02 
Moore 0.30 –0.43 –0.59 –1.56 7.00 –0.60 
Newman –0.31 3.27 7.00 –1.79 4.75 –1.46 
O’Malley –1.22 0.46 –1.20 0.00 5.24 –1.45 
Prost 6.11 –1.21 5.74 –1.41 7.00 –0.53 
Rader 0.00 –0.86 7.00 –1.56 7.00 3.61 
Reyna 0.67 0.60 –0.65 –1.02 2.29 NaN 
Schall 2.06 –0.85 5.80 –1.54 –1.22 –1.78 
Taranto –0.33 –0.59 –0.97 0.00 1.94 NaN 
Wallach 0.00 –1.03 –0.31 –0.72 –2.10 –1.02 
Plager 0.35 –0.72 –1.69 NaN –7.00 2.02 
Stoll –2.22 1.02 –2.49 1.01 –3.71 1.43 
Archer –2.58 –1.02 –2.48 1.01 –7.00 1.42 
 
We repeat our median-polish analysis associated with Figure A25 but 
utilize only precedential opinions rather than all written opinions. The results 
are presented in Figure A26: 
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FIGURE A26: SUBJECT MATTER SPECIALIZATION, MEDIAN-POLISH RESIDUALS FOR 
PRECEDENTIAL OPINIONS 
 
We also provide a complete catalog of Pearson standardized residuals 
for the precedential-opinions version of our median-polish analysis. This 
catalog is presented in Table T7: 
 
TABLE T7: SUBJECT MATTER SPECIALIZATION, MEDIAN-POLISH RESIDUALS FOR 
PRECEDENTIAL OPINIONS 
 Takings Veterans Int. Trade Vaccine Tax Other Mil./Civ. Pay 
Bryson 0.00 0.87 2.40 –1.19 0.00 –0.79 0.00 
Chen –1.02 –0.43 –2.84 1.02 0.00 1.02 1.02 
Clevenger 0.51 –0.35 1.24 0.00 –1.03 2.17 0.00 
Dyk 1.36 5.14 3.69 –1.51 0.00 –1.89 –0.76 
Gajarsa 0.52 –0.36 0.00 0.00 1.04 0.00 –0.73 
Hughes –0.72 0.40 –3.37 NaN –1.45 NaN NaN 
Linn –1.81 –0.38 0.66 0.00 –1.21 5.20 –1.04 
Lourie –1.06 1.09 5.42 0.00 0.53 –0.75 –0.75 
Mayer 0.00 1.77 0.93 0.00 –1.03 0.00 0.00 
Michel 0.60 –0.38 0.97 0.00 –1.78 –1.02 5.13 
Moore 0.47 2.39 –0.30 –0.60 –2.34 1.21 0.00 
N O R T H W E S T E R N  U N I V E R S I T Y  L A W  R E V I E W 
1496 
Newman –0.60 0.00 –1.63 –1.03 0.00 2.07 2.07 
O’Malley –0.60 –0.38 –0.32 2.05 1.19 3.09 –1.03 
Prost –0.87 2.97 0.00 –0.53 0.87 –1.06 0.53 
Rader 0.53 0.72 –0.32 –0.74 –0.52 –0.74 0.00 
Reyna –1.19 0.00 1.30 –1.03 –1.79 –1.03 –1.03 
Schall 2.32 0.67 0.00 0.00 –0.92 0.00 0.00 
Taranto –1.19 –0.75 1.62 –1.03 –1.19 1.03 1.03 
Wallach 1.19 0.00 3.24 2.05 0.00 0.00 0.00 
Plager –0.72 0.00 –1.35 NaN 0.00 NaN NaN 
Stoll 0.00 –2.14 –2.83 1.01 0.00 1.01 1.02 
Archer NaN –0.47 –1.87 1.43 NaN 1.43 2.15 
 
 Contracts Trademarks Personnel Native Am. Patent 
Spent Nuc. 
Fuel 
Bryson 1.68 –2.81 3.78 –1.71 4.16 –2.13 
Chen –1.59 2.04 –1.29 1.43 –4.32 1.43 
Clevenger –0.67 0.00 0.00 –1.02 –7.00 –1.02 
Dyk 2.76 –1.02 2.57 –2.41 7.00 –1.61 
Gajarsa 0.67 –1.04 0.36 3.08 0.97 –1.03 
Hughes –1.86 –0.72 1.59 2.03 –6.03 1.01 
Linn –1.43 1.21 3.43 NaN 7.00 NaN 
Lourie –0.69 2.65 –0.73 0.00 7.00 –1.05 
Mayer –1.00 0.00 0.71 0.00 –6.93 0.00 
Michel 0.35 –1.19 1.13 NaN –4.66 NaN 
Moore 0.00 0.00 –0.68 –0.74 7.00 0.00 
Newman 0.00 3.60 1.14 NaN 5.09 NaN 
O’Malley –1.06 1.19 –1.13 NaN 0.00 NaN 
Prost 4.10 –1.73 3.96 –1.21 7.00 0.00 
Rader –0.68 0.00 –0.36 0.00 7.00 6.23 
Reyna 1.06 0.00 –1.13 NaN 0.58 NaN 
Schall 1.60 –2.31 2.02 –0.72 –4.98 –1.45 
Taranto 0.00 –0.60 –0.38 NaN 0.00 NaN 
Wallach 0.00 –0.60 0.75 NaN –4.67 NaN 
Plager 0.37 –0.72 –1.59 1.01 –7.00 2.03 
Stoll –1.98 1.02 –1.72 1.43 –5.68 1.43 
Archer –2.13 NaN –2.34 1.74 –7.00 1.74 
C. Full Results from Our Patent-Technology Analysis 
Given the large number of judges specializing in patent law, we conduct 
an additional analysis specific to patent technologies. In this additional 
analysis, we limit our database of Federal Circuit cases to patent-law 
opinions. 
Figures A27 through A30 graphically illustrate the results of our 
empirical analysis for the patent-technology study. Figures A27 and A28 
display the results from our logistic-regression framework. Figures A29 and 
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A30 display the results from our supplemental empirical technique, median 
polish. In Figures A27 through A30, each horizontal line represents a 
particular patent-technology category, and each dot represents a single 
judge’s residual. After each of these Figures, we present the full catalog of 
residuals in Tables T8 through T11, respectively. 
We quantify specialization using Pearson standardized residuals.278 The 
residuals and their shading in the below figures follow the same logic as our 
earlier graphics regarding Federal Circuit opinions writ large.279  
1. Logistic Regression: Residual Plots and Tables 
Figure A27 demonstrates the opinion-writing preferences of Federal 
Circuit judges across eight patent-technology categories for all written patent 
opinions, both precedential and nonprecedential. Specialization in patent 
technologies is present but occurs less frequently than in our broader subject 
matter analysis. 
FIGURE A27: PATENT-TECHNOLOGY SPECIALIZATION, RESIDUAL PLOT FOR ALL  
WRITTEN OPINIONS 
 
As before, we conduct a statistical test on whether the degree of opinion 
specialization we observe is actually larger than one would expect from 
chance alone. We find that there is less than a 0.01% risk that there are not 
significant effects between our results. 
Under this test, our fitted regression model has an LR Chi-Square test 
value of 248.81 with 49 degrees of freedom. We can reject the null 
hypothesis at a significance level of 0.0001. In other words, there is a 0.01% 
 
 278 See discussion supra Appendix Section I.B.1.a. 
 279  See id. 
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risk we are rejecting the null hypothesis when there are, in fact, no significant 
effects between variables. 
Regarding the goodness-of-fit hypothesis test, our fitted regression 
model has a Pearson Chi-Square test value of 261.18. Given this test value, 
we reject the null hypothesis at a significance level of 0.0001—there is 
significant evidence the model lacks fit. 
In addition to the graphical plots, we also provide a complete catalog of 
Pearson standardized residuals for the all-opinions version of our patent-
technology analysis. This catalog is presented in Table T8: 
TABLE T8: PATENT-TECHNOLOGY SPECIALIZATION, RESIDUALS FOR ALL WRITTEN OPINIONS 








Bryson –0.49 –0.50 1.17 –0.99 –0.43 0.31 –1.61 2.48 
Chen –0.62 –0.88 0.54 1.07 –0.57 –0.03 –0.27 –0.24 
Clevenger 1.94 –0.74 –0.15 1.79 –1.18 –1.38 –0.19 0.07 
Dyk 2.81 –0.44 0.30 0.40 –1.89 –0.98 0.48 –0.58 
Gajarsa –1.45 –0.23 –1.69 –0.24 1.34 1.68 0.29 –1.46 
Hughes 1.84 0.32 –1.22 –0.96 –0.24 1.26 0.10 –0.84 
Linn 0.89 0.60 0.48 1.31 –0.49 –1.69 0.34 –1.99 
Lourie 0.32 0.35 –3.01 0.03 0.88 4.25 –2.46 –1.99 
Mayer –0.53 1.09 –1.67 –0.90 1.90 0.25 2.09 –0.78 
Michel –0.26 –0.86 –0.50 –0.37 0.95 1.17 1.33 –1.71 
Moore –0.52 0.32 0.11 –0.60 0.05 –0.60 2.08 –0.70 
Newman 0.13 –0.52 –0.75 –0.15 0.17 –0.24 0.80 3.01 
O’Malley –0.68 1.84 1.29 –0.12 –0.80 –1.71 –0.69 –0.34 
Prost 0.16 –1.33 1.01 –0.05 0.31 –1.21 0.85 1.48 
Rader –0.45 –0.31 0.78 1.22 0.64 –1.24 –0.24 –0.26 
Reyna –1.41 –0.79 3.17 –1.60 –1.43 –0.72 0.22 –0.98 
Schall –0.94 2.07 –0.77 0.87 0.02 –0.94 –1.18 1.08 
Taranto –1.29 1.11 –0.44 –2.10 0.89 0.81 0.78 1.21 
Wallach 0.39 1.07 –0.88 –0.20 –0.49 0.29 1.39 –1.15 
Plager –0.58 –1.28 0.47 0.29 1.29 0.14 –1.08 2.18 
Stoll –0.66 0.46 –0.40 1.48 0.61 –0.45 –0.50 1.10 
Archer 0.05 –0.38 –0.33 –0.60 0.25 1.61 –0.88 –1.07 
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FIGURE A28: PATENT-TECHNOLOGY SPECIALIZATION, RESIDUAL PLOT FOR  
PRECEDENTIAL OPINIONS 
 
Regarding our results in Figure A28, we find that there is less than a 
0.01% risk that there are not significant effects between our results. This 
0.01% measure is related to the effects-based hypothesis test. Under this test, 
our fitted regression model has an LR Chi-Square test value of 194.88 with 
42 degrees of freedom. We can reject the null hypothesis at a significance 
level of 0.0001.  
Regarding the goodness-of-fit hypothesis test, our fitted regression 
model has a Pearson Chi-Square test value of 225.30. Given this test value, 
we reject the null hypothesis at a significance level of 0.0021—there is 
significant evidence the model lacks fit. 
We also provide a complete catalog of Pearson standardized residuals 
for the precedential-opinions version of our patent-technology analysis. This 
catalog is presented in Table T9: 
TABLE T9: PATENT-TECHNOLOGY SPECIALIZATION, RESIDUALS FOR PRECEDENTIAL OPINIONS 







Bryson –1.98 –1.44 1.42 –0.58 –0.32 0.91 –0.89 1.70 
Chen 0.08 –0.99 0.15 0.65 –0.28 0.51 –0.02 –1.12 
Clevenger 0.92 –0.19 –0.40 0.22 –0.87 0.27 –0.80 1.10 
Dyk 1.88 –0.96 1.41 0.58 –2.17 –0.74 0.45 –0.43 
Gajarsa –1.53 –0.29 –1.54 0.28 0.84 1.04 1.54 –1.32 
Hughes 0.56 0.13 –0.68 –0.90 0.08 0.71 1.16 –0.68 
Linn 1.66 0.26 0.51 1.46 –0.14 –1.99 0.23 –1.73 
Lourie 1.33 1.53 –3.28 –0.41 1.19 2.95 –2.88 –0.96 
Mayer –0.48 1.04 –1.75 –0.46 1.65 0.13 2.35 –0.98 
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Michel –0.76 –0.76 0.32 –0.88 2.03 1.00 –0.56 –1.22 
Moore 0.29 0.66 –0.16 0.44 0.04 –1.44 1.71 –0.66 
Newman 1.65 –0.12 –1.14 0.21 0.27 –0.44 0.43 1.19 
O’Malley –0.91 2.79 0.41 –0.46 –1.23 –0.18 –0.69 –0.05 
Prost –0.56 –1.86 1.19 0.95 –0.48 –0.64 1.02 1.45 
Rader –0.40 0.32 0.62 1.57 0.41 –1.42 –0.77 0.39 
Reyna –1.03 –0.29 2.48 –1.56 –1.35 –0.74 0.89 –0.98 
Schall –1.08 0.04 –0.49 –0.32 1.36 0.30 –0.31 1.05 
Taranto –0.31 0.99 –0.11 –1.37 –0.19 0.26 0.25 1.19 
Wallach 0.91 1.22 –1.59 –0.48 0.30 0.97 –0.03 –0.86 
Plager –0.73 –0.74 0.14 0.11 0.35 0.43 –0.83 1.79 
Stoll –0.88 0.24 0.40 0.16 0.78 –1.42 NaN 1.19 
Archer –0.12 0.66 0.10 –1.06 –0.65 0.91 –0.47 –0.64 
 
2. Median Polish (Supplemental): Residual Plots and Tables 
We also apply median polish to our patent-technology study. Figure 
A29 represents the results for all written opinions. As in our logistic-
regression plots, Figure A29 presents Pearson standardized residuals for 
each judge–patent-technology combination.  
FIGURE A29: PATENT-TECHNOLOGY SPECIALIZATION, MEDIAN-POLISH RESIDUALS FOR  
ALL OPINIONS 
 
We also provide a complete catalog of Pearson standardized residuals 
for the all-opinions version of our median-polish analysis. This catalog is 
presented in Table T10: 
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TABLE T10: PATENT-TECHNOLOGY SPECIALIZATION, MEDIAN-POLISH RESIDUALS FOR ALL 
WRITTEN OPINIONS 







Bryson 0.00 0.89 2.14 –1.36 –1.42 4.04 –1.77 0.00 
Chen –1.07 –1.24 1.63 2.44 0.00 –2.10 1.47 2.04 
Clevenger 4.29 –0.89 –2.50 3.73 0.00 –2.79 1.04 2.16 
Dyk 2.26 0.26 3.82 0.00 –1.50 1.88 –0.30 –2.33 
Gajarsa –1.43 0.00 –3.20 0.00 3.65 4.38 1.81 NaN 
Hughes 1.06 –0.41 –1.90 0.00 0.74 –0.30 0.00 1.02 
Linn 0.56 1.05 2.23 0.00 –1.78 0.23 –1.77 –2.97 
Lourie 0.00 2.58 3.58 1.74 –0.76 7.00 –2.02 –4.04 
Mayer –0.75 0.00 –4.55 0.00 NaN –2.24 NaN 1.76 
Michel –0.48 0.39 –2.92 –0.53 0.00 0.87 1.20 NaN 
Moore 0.00 1.03 4.20 –0.84 –0.87 1.61 0.00 –3.17 
Newman 0.00 0.00 –0.72 –1.07 0.37 0.00 0.00 0.46 
O’Malley 0.00 1.40 5.65 1.31 0.00 –0.56 –0.94 –0.73 
Prost 1.43 –0.53 7.00 0.00 1.21 5.70 –1.50 –1.34 
Rader –0.29 2.17 3.19 0.60 0.00 0.95 –0.93 –2.44 
Reyna 0.00 –0.39 6.15 –0.53 0.00 0.00 1.21 NaN 
Schall 0.00 4.01 –2.34 1.42 0.53 –1.70 –1.57 1.03 
Taranto –0.88 0.73 3.39 –1.90 1.58 0.00 –0.52 0.00 
Wallach 0.95 –0.39 –0.80 0.53 0.00 0.00 0.60 NaN 
Plager 0.00 –1.62 –3.22 NaN 3.12 –2.33 1.03 2.53 
Stoll 0.00 0.00 0.00 0.00 0.00 –3.20 –1.20 NaN 
Archer 0.00 –0.97 –4.54 0.00 NaN –1.92 NaN 1.75 
 
We repeat our median-polish analysis associated with Figure A29 but 
utilize only precedential opinions rather than all written opinions. The results 
are presented in Figure A30: 
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FIGURE A30: PATENT-TECHNOLOGY SPECIALIZATION, MEDIAN-POLISH RESIDUALS FOR 
PRECEDENTIAL OPINIONS 
 
We also provide a complete catalog of Pearson standardized residuals 
for the precedential-opinions version of our median-polish analysis. This 
catalog is presented in Table T11: 
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TABLE T11: PATENT-TECHNOLOGY SPECIALIZATION, MEDIAN-POLISH RESIDUALS FOR 
PRECEDENTIAL OPINIONS 







Bryson –1.44 0.00 2.69 –0.48 –0.48 5.82 0.00 0.60 
Chen –0.75 –1.62 0.00 1.49 0.00 –1.43 2.09 NaN 
Clevenger NaN 0.00 –3.12 NaN NaN –1.96 1.04 2.15 
Dyk 0.63 0.00 4.10 –0.32 –1.27 2.69 0.00 –2.35 
Gajarsa –1.23 0.49 –1.89 0.00 2.46 5.19 2.98 –1.03 
Hughes 1.05 –0.62 –2.00 0.00 1.05 –1.12 NaN 1.02 
Linn 0.31 0.89 2.03 0.00 –1.57 0.00 –1.94 –2.99 
Lourie –0.30 1.13 0.00 0.59 0.00 7.00 –2.12 –3.40 
Mayer 0.00 1.24 –3.67 0.00 3.15 –1.49 NaN 1.02 
Michel –0.74 0.00 –1.94 –0.74 0.75 0.36 0.00 NaN 
Moore 0.33 0.31 3.38 –0.33 –0.98 0.55 0.00 –2.81 
Newman 0.41 0.00 –0.28 –0.40 0.81 0.60 0.00 –0.93 
O’Malley 0.00 1.46 1.89 0.61 –0.61 0.00 0.00 0.00 
Prost 0.39 –1.06 7.00 –0.39 0.39 7.00 0.00 –0.87 
Rader –0.33 2.17 3.13 0.00 0.00 1.37 –1.02 –2.47 
Reyna 0.00 0.00 4.41 –0.61 –0.61 0.00 2.24 –1.03 
Schall –0.75 1.08 –2.26 0.00 2.24 –1.07 0.00 NaN 
Taranto 0.61 0.00 2.83 –1.22 0.61 –0.35 0.00 0.00 
Wallach 0.75 0.00 –2.58 0.00 0.75 0.36 0.00 NaN 
Plager 0.00 –1.24 –2.33 2.09 0.00 –1.87 NaN 2.03 
Stoll 1.05 0.00 0.00 0.00 2.10 –3.37 NaN 2.04 
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